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Spectroscopy has long been recognized as an important diagnostic
 
tool for both astrophysical plasmas, where it is often the only method
 
available, and in the laboratory where, unlike many methods, it does not
 
disturb the plasma under study.
 
The considerable theoretical and experimental efforts in this
 
field have resulted in good understanding of the pressure broadening
 
and shifts of spectral lines due to the Stark effect of nearby charged
 
perturbers. Particular attention has been paid to the lines of
 
hydrogen and the hydrogenic ions, for which the quasistatic and impact
 
theories predict considerable broadening but no shifts. However, in
 
1962, Berg et al reported a blue shift for the He II 4686 line, which
 
they attributed to the reduction of the Coulomb potential of-the nucleus
 
by the polarization of the plasma near the radiating ion. Later measure­
2
 
ments demonstrated this "shift" had been simulated by some unresolved
 
Si III lines on the blue wing of the helium line. Greig et al. then
 
reported blue shifts of the He II 304 line. 3 Subsequent photographic
 
measurements 4 ,5 did not verify the shift of the 304 line, but higher
 
series members (256, 243, etc.) had blue shifts which could have been
 
6
due to plasma polarization. The most recent measurement showed blue
 
shifts for the 256 and 243 lines, with a greater shift for the 304 line,
 
in agreement with Greig's result.
 
The polarization shift is expected to be important for high-Z
 
ion lines and may limit wavelength accuracies in, for example, laser­






been unsatisfactory,7,8 and no attempts have been made to measure
 
shifts of the "Balmer" (or "second Lyman') series lines of ionized
 
helium, at 1640, 1215, 1084 ... a. The primary aim of this experiment
 
was to look for such shifts, and investigate their possible dependence
 
on plasma conditions. A secondary purpose was to measure the Stark
 








A T-tube was chosen as a source because it produces a fairly
 
11 1 2 
homogeneous plasma6 near local thermal equilibrium (LTE),I at
 
a density and temperature suitable for the emission of ionized helium
 
lines. The line positions were measured relative to nearby impurity
 
lines. Plasma conditions were determined from photoelectric measure­
ments of the He II 4686 line, and plasma reproducibility was checked
 




The first chapter of this dissertation has served as an introduction.
 
In Chapter 2 some of the relevant results of plasma spectroscopy are
 
presented. A description of the experimental apparatus and method
 
appears in Chapter 3. The experimental results, with a discussion of
 








The relative intensities of emission lines depend on the population
 
densities of atoms in the upper state and the probability of radiative
 
transition to the corresponding lower state.
 
In equilibrium, the density N of ions of charge Z is related
z 
to the electron density Ne and the density of atoms in the next lower
 
ionization stage according to the Saha equation
1 3
 
Z (T) ime T 3/2 EZ--AE Z-lN N 

Nz- =2 z(T) k 211412) exp 1 T (2-1)
 
Since nearly all the atoms are in the ground state, the partition
 
function Zz(T) can usually be replaced by the statistical weight gz
 
of the ground state. In this case, £=0, and we have gz = 2S+1 (1 for
 
z- 1
H+, He0 , and He't-; 2 for H0 and He+). The correction AE to the
 
ionization energy EB -I due to Coulomb interactions in the plasma is13
 
AEz- e2 (2-2) 
14 
where AD is the plasma Debye length 
2 -1/2 
XD = (4 NiqikT i , (2-3) 
where Ni is the density of particles with charge qi. Plots of helium
 
ionization stage concentrations as functions of temperature appear
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Calculated conditions for a pure helium plasma 
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6 
where the shaded region is typical of T-tubes. Note that the plasma
 




is only marginally satisfied.
 
The population densities NnLS of the state (n,L,S) of a given
 
ionization stage is given by the corresponding Boltzmann factor
1 3
 
NnLS gnLs expKT(( EnLS) (2-4) 
together with the normalization condition. The exponential term is
 
nearly always much less than one for excited states, justifying the
 
earlier statement that most atoms are in the ground state. Note that
 
an isolated atom has an infinite number of bound states, whose energies 
tend to the ionization energy E.2 When the atom is embedded in a 
plasma, however, the ionization energy is reduced as described above, 
and only a finite number of bound states remain. 
Treating an atom as an electric dipole radiator, the transition
 
probability per unit time for spontaneous emission is
1 3
 
A 4e2 3 g l<kxilu>lv (2-5) 




which is tabulated for many spectral lines. The sum is over the
 
components of the coordinate vector of the radiating electron, and
 
the average is over possible final states. Multiplying by the energy iw
 
of the photon, and using (2-4) to relate the upper state population
 
density to the ground state population density Ng (with statistical
 
weight g ) we find the total power per unit volume spontaneously
 




 p~u 2 cN A u g -
ARgg E (2-6) 
7 
Since the line intensities are proportional to the concentration
 
of atoms in the appropriate ionization stage, the intensity ratio of
 
lines of different ionization states is an extremely sensitive function
 
of temperature (see Fig. 2-3), and can be used to measure the temperature.
 
Note, however, that this measurement depends strongly on the assumption
 
of local thermal equilibrium, which can require a long time and
 






Plasmas emit continuum radiation due to radiative recombination
 
(inverse photolonization), bremsstrahlung, and the formation of negative
 




The extremely weak bremsstrahlung radiation due to ion-ion and
 




to electron collisions with ions of charge z is given by
 
ei 16Te6 NeN z2
 
e z 2 , (2-7) 
3c I6me e 
17
 
where G is the free-free Gaunt factor, which is usually of order one.
 2 
The radiation from electron-neutral collisions (approximated by
 
elastic, billiard-ball type interactions) is given by 16
 
2
e = 32e KTe3/2G0(,T) (2-8) 
w 3c3(27Tm)3/2 NNo(K) 
When an ion captures a free electron, the binding energy and the
 
electron's kinetic energy are given to a photon. For recombination
 
into a given orbital (n,L,S), the photon then has the minimum energy
 
HeI 3889 Hell 4686 
0 / 
) 10 / Ne 10  -3 cm 
) 1TNe=2.10 -3cm 
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= E I,- - E z-l,n 

Viewed another way, this restricts the possible final states for the
 
electron for a contribution to the continuum at a given frequency.
 




R = 24rh NeNz1i1tw exp gzl a 1 (2-10) 
c 2 (2rmKTe)3/2 exp - zl 0 
where 01a n is the photoionization cross section ' and
z-l~ 19 , g-l~n dgz'l
 
are statistical weights, and the sum runs from the lowest allowed
 
state to the highest bound state (i.e., with energy less than the reduced
 
ionization energy calculated from (2-2)).
 
Some electronegative atoms (H, N, 0, C, etc.) can capture a free
 
electron and form a negative ion, while emitting a continuum as in
 
recombination. 




 N 9 - Mexp Ea(2-11)
 
c2(2.'ce)3/2 ZT(T)e ) a K
 
where g is the statistical weight of the negative ion (which usually has
 
only one bound state), Z0 is the partition function of the neutral atom,
 




and a- is the cross section for the inverse process of photodetachment.
 
This process is unimportant in hot plasmas, where the density N of
 
a 
neutral atoms is low.
 
The pseudo-continuum of lines is generally important only for
 
hydrogenic atoms, which are subject to the linear Stark effect, and
 




a series is then given by the Inglis-Teller limit.
of 





density, but scale differently with temperature, the ratio of the line
 






In previous sections we have discussed the spectral emission
 
coefficient e of the plasma, expressed as power radiated per unit
 
solid angle, frequency interval, and volume. The experimentally
 
measurable quantity is I , the power radiated per unit solid angle,
 
frequency interval, and surface area of plasma observed. In the
 






d I = - I , (2-12) 
dx d W66
 
where k' is the effective absorption constant, equal to the actual
 
absorption constant minus the induced emission. E includes only the
 






= k'B (T) , (2-13) 
where B is the Planck function. If we further assume the plasma to
 
be homogeneous, the solution of (2-12) is
 
I () = B (T)[1 - exp(-k'Y)] (2-14) 
The quantity k' is the "optical depth", and if k'z << 1, the equation 
reduces to 
I (t) = B (T)k' = £ , (2-15) 
11
 
as expected. In the opposite limit, k i >> 1, the plasma radiates
 
as a blackbody. Stellar atmospheres have great optical depth at almost
 
all wavelengths, while laboratory plasmas are normally optically thin
 




Spectral line broadening in a plasma is a complex phenomenon,
 




in atomic spectroscopy, 22 astrophysics
2 3 
, and plasma spectroscopy. ,
 
Only a physical picture of the various effects is presented.
 
Let the (frequency-space) spectral line profile I(w) be proportional
 




J I(w)dw = 1 (2-16) 




1(M) = Ic(w)I , (2-17) 
where C() is the Fourier transform of the amplitude f(t)
 
i1
C(W) = 2.i e t f(t)dt . (2-18) 
Since each atom emits light for only a short time, the light from
 
an ensemble is not monochromatic. It is physically reasonable to
 
assume that f(t) for one atom has the exponentially decaying form
2 4
 
0 Y t t<2
 f(t) Yr2-ye iW0te t>O (-9 
12
 
which satisfies the normalization condition
 
J If(t)1 2dt = 1 , (2-20) 
and has the Fourier components
 
toO_W+iYC(I ) 0-ti (2-21)
 
leading to the Lorentz or dispersion profile
 
1(w) = 10(w)i 




The half-half width T, the frequency separation at which the intensity
 
is half the maximum, is given by the sum of the transition rates for
 
transitions originating from either the upper or lower state of the line
1 3
 
'Qu ,Au + , A2 ,' . (2-23)u 
Since atomic excited states have relatively long lifetimes (A u < 109sec-1
 
this natural broadening is almost always smaller (xA < 10-4R) than the 




from the quantum theory of radiation.

When the energy levels of the radiating atoms are well separated,
 
compared to mean thermal energies, electron collisions rarely exchange
 
energy with the radiator, but change the polarization or phase of the
 
emitted light. Although this approximation does not hold, for example,
 
1 3  
for neutral helium7 , (where there are nearby perturbing levels with
 
the same n but different L), it is well satisfied for hydrogenic atoms.
 
Assuming the light to be monochromatic between collisions, we have a
 
sinusoidal wave train of duration 1, with the Fourier components
 
13 








(a) 	 2 i (.)_ 2 (2-25) 
2rQ ((Wo0 %4-
If the probability per unit time yc of a collision is constant,
 
the intervals between collisions have the Poisson distribution
 
-Y L 
F(t)dr I c e C d- (2-26) 
Weighting the intensities (2-25) by the corresponding probabilities,
 
we again arrive at the dispersion profile (2-22), now with width (c.
 






2C0 _"-	 (2-27) 
C 
Assuming the atoms have a Maxwellian distribution of velocities,
 
2










the collection will emit light with the Doppler or Gaussian 
line profile 1 3
 
ID(M) = - I exp (-- )2 (2-29)
D AmD j27r 2A 2 





and the Doppler half-half width is /ThT4 AwD* 
14
 
In contrast to the fast electron impactst nearby ions can usually
 
be considered stationary, and supply only perturbing electric fields.
 
These fields perturb the energy levels (each labeled by n, L, S, and J)
 
of the radiating atom and usually split them into several sublevels,
 
each a linear combination of states of different magnetic quantum
 
number mj.1 6  Transitions between such sublevels of different principal
 
quantum number give rise to the Stark components of a line. Since the
 
operator -q F, expressing the interaction of the electric field
 
and a given electron, has odd parity (therefore no diagonal elements),
 
there is usually no first-order interaction, and second-order perturbation
 
theory is used. In the hydrogenic case, however, the terms (labeled
 
only by n) are degenerate, and a linear effect is found. This problem
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w(nln2mlcn)

12 2 2T_. 
n + n2 + Iml + 1 = 1,2,... (2-32)n1 

m =0, ±1, ..., ±(n-l)
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For a first approximation, we may assume the ions in the plasma are
 
uncorrelated In this case, they produce an electric field F with the
 






H exp(-x 32)sin (F~it xdx ,(2-34)
 
plotted in Fig. 2-4, where the Holtsmark normal field strength produced
 
by perturbers with density Np and charge qp is
 
4 \2/3 
F0 = 2T ( Np) qp (2-35) 
Integrating the energies (2-33) over the distributions (2-34) for each
 
level (though the effects on the upper level usually predominate) we
 
arrive at the Holtsmark profile, shown for the hydrogen line HB in Fig.
 
2-5. Profiles of lines subject to the linear Stark effect are usually 
expressed in terms of the reduced wavelength separation, defined by 
1
 
a = . (2-36) 
Note that where there is no unshifted Stark component (as in hydrogen 
transitions n=4-'2 or 3-1), the low probability of very small fields 
(since H(O) = H'(0) = 0) gives a line profile with a central dip, 
usually partly filled by other effects. 
Finally, observed profiles are broadened by the instrument response 
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Fig. 2-5 lloltsmarlt profile for the HS line 
(broadened only by statistically uncorrelated Ions) 
18 
it is a profile like (2-29) folded with the two rectangular slit
 
functions, plus a constant background. With wide slits, Gaussian or
 
triangular profrl-es are good approximations
 
The profile of a line broadened by two independent effects is the 
convolution of the two profiles, 
l(x) = I 1 (X) ® 12(x) = I Ii(x')1 2 (x'-x)dx' (2-37) 
and if we assume all of these effects are independent, we may find our
 
theoretical profile by convolving all the profiles:
 
Itheory = 1natural ® electron IDoppler® ion instrument* 
(2-38) 
This assumption of statistical independence is reasonable for plasmas,
 
because, e.g., collisions leading to significant changes of radiator
 
velocities (Doppler effect) usually involve ions whose direct contribution
 
(Stark effect) is insensitive to ion and radiator velocities.
 
E. Validity of LTE
 
A plasma is in local thermal equilibrium (LTE) if, locally and
 
instantaneously, all quantum state population densities (except for
 
photon states) correspond to a system in complete thermal equilibrium
 
(CTE) which has the same mass density, energy density, and chemical
 
composition 3 Departures from LTE occur when some transitions have
 
unbalanced rates, so that some (generally low-energy) states are
 
over- or under-populated when compared to the corresponding CTE system.
 
In optically thin plasmas, where the rates of radiative excitation
 




those of radiative de-excitation (spontaneous emission and radiative
 
recombination), the lower-energy states will be overpopulated unless
 
collisional processes dominate radiative ones. That is, populations
 
will be within 40% of LTE if collisional processes are about an order
 
of magnitude more important than radiative ones. Since collision cross
 
sectLions are generally l irger, and energy gaps smaller, for excited
 
states, LTE is most easily satisfied for them An estimate of the
 




of LTE with respect to the ion density is
 
Ne > (7 1018cm-3) n17/2 KT\1/2 (2-39) 
The largest gap between atomic energy levels is generally between
 
the ground and the first excited states, so the requirements for LTE
 
for the ground state are usually the most restrictive. Near LTE, the
 
largest transition rates are those to and from the first excited state,
 
can be expected to dominate if1 3
 and collisional rates 

(3
>(9 x 1017 cm ' (T)I2 (2-40) 
It often happens that the resonance line is optically thick, so
 
that radiative de-excitation of the first excited state is balanced by
 
photoexcitation ihe resonance line profiLe is generally dominated by Doppler
 
broadening (for N sufficiently low that electron collisions cannot
 e 
its optical depth can be estimated by 13
maintain LTE), so 

-10 (AEH1 / z-l
 k' d ' (2 10- 1212 I-j N d (2-41) 
where the resonance line has wavelength A]2 and absorption strength f12' 
and the atoms of interest have atomic weight A and ground state density 
DRIGINAL PAGE IS 
F POOR QUA L 
20
 
Nz]. If the optical depth of the resonance radiation is greater than
a,l"
 
by about an order of magnitude. 1 3 
"20, the requirement (2-40) can be relaxed 
The validity of LTE for ionization stage populations in stationary
 
plasmas usually need not be checked separately, since the excited
 
states of a given stage are well connected with the ground state of
 
the next ionization stage
 
In transient plasmas, populations may depart from LTE if equilibrium
 
times are long compared to the times over which plasma parameters change.
 
The lowest transition rates for given stage usually involve the
 
collisional excitation of atoms in the ground state. Assuming hydro­
genic behavior, the equilibrium time is then estimated by
1 3
 
z z-l,az-ln. (1.1 x 107sec cm- 31/2 N- T(st)i = f21 Ne [N +N l] Z2 EH 
(2-42)
 
where El ,a is the energy of the first excited state and the term in
 
2 
brackets is the fraction of atoms or ions that must be excited into 
the next ionization stage If only partial LTE is required (i e, 
the state with principal quantum number n is in equilibrium with higher 
states) the equilibrium time is much shorter, and is estimated by
1 3 
3 )z 3 KT 1/2 /Z H 







A.l T-tube and circuit. The plasma studied in this work was
 
2 9




in several previous experiments at the University of Maryland
3 1

and elsewhere 37 3 8 In this device,illustrated ]n Fig. 3-1, an aluminum
 
(alloy 2024-T4) electrode was sealed into either end of the top of a
 
T-shaped tube of high-temperature glass with inside diameter of 16 mm.
 
This tube was filled with the test gas at a pressure near .5 Torr (70
 
Pascals). A current flowed across the 16 mm gap between the electrodes,
 
ionized the gas and ohmically heated it, then returned via a backstrap
 
above the T The backstrap current created a transverse magnetic field in
 
the current-carrying plasma, and pressure and Lorentz force accelerated
 
it down the leg of the T. This luminous front traveled 12 cm down the
 
tube at several cm/isec and struck an adjustable reflecting plate,
 
where some of its directed motion was converted to random thermal
 
motion. Longer expansion tubes and higher fill pressures are required for the
 
formation of a eparated shock, but this device produced the high
 
temperatures (3.5 eV) and electron densities (2 1017cm-3 ) needed to
 




The circuit used appears in rig. 3-2. The relatively modest energy
 
needed by the tube was supplied by a .5 iF capacitor charged to 40 kV
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from both the high voltage supply and ground? preventing discharges
 
from either electrode to the monochromator. The high-voltage circuit
 
was enclosed by a copper shield to reduce electromagnetic interference.
 
To start the discharge, the nitrogen in a two-electrode pressure
 
switch (initially at 30 PSI above atmospheric) was released until its
 
dielectric strength was low enough for electron cascade. Since nitrogen
 
was used, no ozone or nitrogen oxides were formed, as in a discharge
 
in air. The poor control over discharge timing was no problem, since
 
the discharge itself triggered the recording system.
 
The measured quarter-cycle time was .675 psec, indicating a total
 
circuit inductance of 370 nH. A carbon resistor of about .01 2 damped
 
out the oscillations after two cycles.
 
The vacuum system is shown in Fig. 3-3. During the experiment,
 
valve V3 was closed, while shut-off valve Vl and leak valve V2 were opened,
 
so the test gas flowed from the inlet, through liquid nitrogen cold trap
 
CT3, into the T-tube. It then leaked into the monochromator through
 
entrance slit SI, and was removed by pumps DPI and MPI. V2 was adjusted
 
so the leak rates into and out of the T-tube balanced, and the pressure,
 
measured by thermistor gauge G2, stayed at the desired value.
 
Between experimental runs, the T-tube was isolated by closing slit
 
valve V9 and shut-off valve Vl, and kept clean by the small diffusion
 
pump DP2. Cold trap CT2 was cooled by a conventional refrigeration
 
system and valves V3 and V4 were solenoid-controlled, so this secondary
 
pumping system could operate unattended. Since the small pump was not
 
forced to pump through a slit, it proved more effective than the large
 










G1 ionlzation gauge Veeco RG-83
 




G6 Gauge cold cathode discharge
 
VS Metering valve 1/4 in.
 
V2 Screw valve Veecc 3/8 in.
 
V3 Solenoid valve Veeco, 3/4 in.
 








V8 Entrance slit valve
 
V9 Exit slit valve
 
V10 Air inlet valve
 
DPl Diffusion pump, NRC, 6 in.
 
DP2 Diffusion pump, 2 in.
 
CT1 Liquid nitrogen cold trap
 
Cfl Freon cold trap
 
CT3 Liquid nitrogen cold trap
 
Ni Fore pump DuoSeal 1397
 








Fig. 3-3 Schematic of vacuum system
 
25 
A.2 VUV monochromator and detector. The optical arrangement is
 
shown in Fig. 3-4. A McPherson 225 one-meter monochromator scanned the
 
ultraviolet lines shot-to-shot. Its 50 V entrance slit was flush with
 
the wall of the T-tube, about .5 mm from the reflector. Since the plasma
 
conditions changed sharply as the reflector was moved, the position was
 
chosen which gave the most reproducible plasma. A 1200 lines/mm Pt-coated
 
grating, with speed about f/13.6, focused the light onto a 30 p exit
 
slit, for a measured reciprocal dispersion of 8.3 X/m (4.2 X/mn in
 
second order) and an approximately Gaussian instrument response function
 




p-terphenyl coated disc, causing it to fluoresce. These visible photons
 
left the vacuum chamber through a quartz window and were detected by an
 
EMI 6522 photomultiplier. For some work, a 2 mm thick MgF2 filter was
 
placed between the exit slit and the fluorescent screen to remove light
 
from second order, since it transmitted 40% of the light at-1215 but
 
essentially none below 1100 g.40 The exit slit, screen, and PM tube
 
were replaced by a film holder for photographic work. The instrument
 




A.3 Visible monochromators and detectors. For diagnosis of the
 
plasma conditions, three Jarrell-Ash visible-light monochromators were
 
used One 1/2-meter focal length monochromator, with instrument width
 
.4 i,scanned the He II 4686 line shot-to-shot to determine the
 




continuum ratio). The reproducibility of the plasma was monitored on each
 









I, I Ft-I] 
VACUUM 
MONOCHROMATOR 
Fig. 3-4 Schematic of optical arrangement 
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(sensitive to electron density), and one for the He II 4686 line
 
(sensitive to temperature, and used for later data processing).
 
PM tube response was checked using neutral density filters and
 
pulses from a light emitting diode, and was found linear for signals
 
of up to .2 V (1.1 mA) with a PM supply voltage of 900 V.
 
Each PM tube housing was insulated from its monochromator, and
 
signals were taken from both the anode (negative pulse) and last
 
dynode (positive pulse), carried by shielded, coaxial cables terminated
 
by 90 ?resistors, subtracted to suppress noise, amplified, digitized,
 






The best-fit values of the four parameters (line intensity I,
 
line position X0, background intensity B, and electron density Ne) are
 
found using the following procedure. Assume we have the n measurements
 
= F0 F0 










T(a) = S(a-a')G(a')da' , (3-1) 
and the instrument function has been transformed into a-space. The best­
fit values minimize the sum 
2 1 n2 







-0o =-0B =0 
so I and B are found by solving the linear system
 
(3-3)
I =(.ITi n)( Yi/ 
The computer program "guesses" an electron density to use for the
 
transforming of the instrument function, convolves the theoretical and
 
instrument profiles, then finds a2 from (3-2) (subject to (3-3)) for
 
many values of Ne and X0 When the best values are found, the new Ne
 
is used to again transform the instrument function. The entire convolution
 
and fit are repeated until successive values of Ne are sufficiently close, 
e 
e.g., within 2% of each other. A general discussion of least-square fitting 
when the functional parameters do not occur linearly (e.g., and N )0 











Examples of photoelectric measurements of the emission profiles
 
of the ionized helium lines at 4686, 1640 and 1215 R are shown in
 
FiW.4-i through 4-3. In each case, the solid line is the best-fit
 
theoretical curve of Kepple,9 'I0  convolved with the instrument
 
profile (taken to be Gaussian), Dashed lines are the best-fit
 
continuum levels, determined primarily by points far from line center,
 




The 4686 line was found to be unshifted, as in previous experi­
2
 
ments. Its profile was in good agreement with theory, and the
 
plasma electron density and temperature were deduced from-its width
 
and line.continuum ratio, respectively.
 
The position of the 1640 line was measured relative to the
 
Al II 1670 line, and a fairly constant red shift of .11 X was found.
 
These shift measurements can be found in Table 4-1 and Fig. 4-4.
 
No conclusions could be drawn about the Stark width of this helium line,
 
because the observed profile was dominated by instrument broadening.
 
The relative positions of the He II 1215 and Si I1 1210 lines
 
were measured photoelectrically. The helium line was found to have
 
a red shift of approximately .19 X,increasing as the density and
 
temperature fell at the end of the discharge. The halfwidth of the
 













line lineFig. 4-1 Measured and best-fit profile for He II X 4686 
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Fig. 4-3 Measured and best-fit profile for He II X 1215 line
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0 Run 99 -0.4 
Neiger 	 * Run 101 
-0.5 
-20 
30 3.5 	 4.0 
kT [eV] 
Fig. 4-4 Estimated and measured shifts of Hie [I X 1640 Xline
 
t Vmonitor KT Ne xAl xHe AX WNe 
[usee] [mV] [eV) [i017cm-3] ] [R/i01 7cm-3 
unshifted 1670.80 1640.33 
Run 101 3.938 28.6 3.52±.09 1.83±.05 1669.5Z±.0l 1639.17±.01 .11±.01 .060±.005 
4.028 24.3 3.48±.09 1.67±.05 1669.54±.01 1639.18±.01 .11±.01 .066±.006 
4.104 20.6 3.32±.07 1.35±.05 1669.54±.02 1639.19±.01 .12±.02 .089±.015 
Run 99 3.912 54.3 3.69±.33 1.42±.04 1670.32±.08 1639.98±.02 .13±.08 .09±.06 
4.004 46.1 3.42±.12 1.20±.03 1670.30±.08 1639.97±.02 .14±.08 .12±.07 
4.089 39.2 3.27±.07 1.02±.03 1670.31±.05 1640.00±.02 .16±.05 .16±.05 
4.146 33.3 3.19t.07 .94±.03 1670.32±.07 1639.99±.02 .14±.07 .15±.07 
Table 4-1 Plasma Conditions, Shifts of Hell X 1640 
Li 
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These data are shown in Fig. 4-5 and Table 4-2.
 
B. Discussion of Possible Errors
 
B.1 Impurity Lines. Photographs of spectra near each of the
 
helium lines showed many Si, 0, and Al lines. The Jarrell-Ash 1/2-m
 
monochromator could easily resolve the Si III and 0 II lines near
 
He II 4686, and photoelectric scans were made using points between
 
these impurity lines (see Fig. 4-6).
 
A survey spectrum was taken near the 1640 line using Kodak
 
SWR film in the cameia attachment for the McPherson 225 vacuum
 
monochromator (see Fig. 4-7). Many 11, 0, and Al lines were identified,
 
in both first and second orders. Fortunately, none of these obscured the
 
1640 line. The nearby Al II 1670 line, chosen as the wavelength
 
standard for position measurements of the 1640 line, was partially
 
obscured by second order lines of 0 II and 0 III. Photographs using
 
an MgF2 filter were then taken, which showed no further problems with
 
impurity lines. To eliminate second order lines during photoelectric
 




A photographic spectrum near 1215 9 showed many 0 II, 0 III, 0 IV
 
Si III, and Si IV lines, including the second order 0 IV 608 line on
 
the red wing of the helium line (see Fig 4-8) To eliminate these, the
 
MgF 2 filter was again used for both photographic and photoelectric runs.
 
The resonance lines of N II at 1084 9 prevented any observation 
of the next member of the He series, while the He II 1025 line proved 
too weak for reliable observation. 
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-3 ][A/la cm 
3.864 2.23±.07 4.61±.12 2.23± 07 1.97±.05 2.06±.09 1.05±.05 .14±.09 .063±.041 
3.948 1.93±.05 4 09±.09 1.93±.05 1.75±.03 1.96±.06 1.12±.04 .21±.04 .109±.021 
4 040 1.77±.05 3.80±.09 1.77±.05 1.63±.03 1.95±.05 1.20±.04 .19±.04 .107±.023 
4.122 1.66±.05 3.60±.09 1.66± 05 1.54±.04 1.88±.06 1.22±.05 .18±.04 .108=.024 
4.191 1.62±.06 3.53±.11 1.62±.06 1.51±.05 1.88±.06 1.25±.06 .19±.04 .117±.052 
4.245 1.46±.07 3.24±.13 1.46±.07 1.38±.06 1.82±.05 1.32±.07 .27±.04 .1852.027 
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Fig. 4-8 Densitometer scan at spectrum near He II A 1215 X lineD
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B.2 Wavelength Standards. All line position measurements were
 
made relative to nearby impurity lines, and the accuracy of this pro­
cedure had to be verified. The Stark shifts of these ion lines are
 
expected to be small4 2 (just as their widths are small), but a
 
plasma polarization shift certainly cannot be ruled out a priori.
 
To check for such shifts, several line position measurements were made
 
on a Grant comparator-microphotometer. The second-order lines were
 
found to be shifted with respect to the first-order lines by .10
 
but otherwise, shifts were less than the measurement accuracy of
 
.05 . This is consistent with previous measurements,3 in which no
 
shifts were found for the 0 III and N III lines near 300 X. In
 
photoelectric (time-resolved) studies, no absolute shifts of the
 
reference lines were measured as the plasma cooled, also arguing
 
against substantial absolute shifts. Only the statistical errors
 
in the measured shifts are indicated in the tables and figures
 
The monochromator wavelength scale was checked by measuring
 
photographically the wavelength displacement between settings corres­
ponding to the centers of the helium and reference lines. The errors
 
in both cases were less than the setting error of 0.02 R
 
B.3 He II 1215 Asymmetry. The helium 1215 line was expected
 
to have a symmetric, double-peak profile (like that of H ), but
 
photoelectric scans showed only the peak on the blue side (see Fig
 
4-3). This was interpreted as showing reabsorption by hydrogen in a
 
cooler boundary layer, since the hydrogen Lyman-a line lies .50
 
to the red of the (unshifted) helium line center. To check this
 
explanation, two scans were made, using mixtures of helium plus 0 5%
 
hydrogen, and helium plus 1.0% deuterium, respectively. The amount of
 
absorption increased with the increasing admixture of hydrogen, and,
 
in the case of the deuterium, the dip shifted to the blue, as expected
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The residual concentration of hydrogen was estimated from these runs
 
to be approximately 0.2% Since natural, Doppler, and Stark broadening
 
are all very small for the hydrogen line (<.I R), points near the
 
dip were merely excluded from the fitting procedure.
 
B.4 Departure from LTE. Temperature determination from a
 
helium ion line:contrnuum ratio requires that LTE holds also for the
 
ion ground state populations, so that the line intensity (proportional
 
to the population in the excited state) and the continuum intensity
 
(due mainly to recombination radiation) both have their equilibrium
 
values. The equilibration time for atomic states can be estimated
 
from (2-42) to be only a few nanoseconds, for both neutral and ionized
 




states) are estimated to be4, 2 i'sec for formation
 
of singly ionized helium and 20 lisec for neutral helium Singly and
 
doubly ionized states are, then, expected to be overpopulated,
 
simulating a temperature higher than the true electron temperature.
 
For the validity of complete LTE in a stationary plasma with
 
temperatures near those in the experiment, Eq. (2-11) gives an
 
optical depth of 0150, for the resonance line (He II X304 R). We
 
are thus justified in relaxing (2-40) by an order of magnitude,
 
and the electron density required for complete LTE is N n .4x1018cm-3
 
which is not reached in the experiment. On the other hand, the 
requirement (2-39) for partial LTE for the level n=4 (upper state of 
the 4686 R line) is easily satisfied. 
Since the actual electron density is about an order of magnitude
 
lower than that required for complete LTE, and the continuum intensity
 
is proportional to the electron density while the line intensity
 
is not, we estimate that the line:continuum ratio may be too high by
 






temperature. This yields a temperature (%3.5 eV) that is too
 
high by about .5 eV. Similarly, if the neutral excited state
 
population density were too low by an order of magnitude, tae intensity
 
ratio of an ionized and a neutral line would overestimate the temperature
 
by about .5 eV. A measurement of the intensity ratio of the He 11 4686
 
and the He 1 3889 lines was performed, yielding temperatures near
 
4.1 eV. Since the two effects (overpopulation of singly ionized
 
states due to recombination relaxation during the rapid cooling,
 
and overpopulation of excited states of He II due to low collision
 
rates) are additive, the true electron temperature is estimated to be
 
less than the lower figure by 20%, i.e., near 3.0 eV.
 
A previous measurement3 8 of the absolute intensity of the
 




populations of the lower excited states of the ion deviate by perhaps
 
a factor of 4 from LTE. However, measurements of temperature in the
 
same experiment by Thompson scattering of laser light (which does not
 
depend on LTE for atomic states) and the intensity ratios of the
 
He II 4686 and He 1 5876 lines showed good agreement.
 
B.5 Summary of Errors. Possible errors in the determination of
 




and 10-15% due to theoretical uncertainties. Errors in temperature
 
measurements were estimated to be .1 eV statistical and .2 eV
 
theoretical (after applying the 20% correction). These possible
 
diagnostic errors were not judged to endanger the principal conclusions
 
of the work. The tables and figures indicate only statistical errors.
 
Errors in the measurements of the shifts were .05 R or less due
 
to statistical fluctuations. Systematic errors due to the shift of the
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reference lines could not be ruled out, but were shown to be less 
than .05 R and are epeted to he smaller. 
C. Discussion of Results
 
As mentioned in the Introduction (Chapter I), previous shift
 
measurements of He ion lines have concentrated on the Lyman-series
 
lines (nlower~l). In principle, these measurements can be used to
 
calculate the energy level perturbations, and the shifts of the
 
"Balmer"-series lines can be found in turn. Since the agreement
 




The polarization shift is difficult to treat theoretically,
 
and only estimates have been made thus far. Conceptually, the
 
radiating ion is expected to attract plasma electrons, whichpartially
 
screen the nuclear charge seen by the optical electron. A simple
 
classical argument3 gives the wavelength (or wavenumber) shifts of
 




=A AV 8 Naon2 (n2+l)
 
% 3 4, exp3

V Z 
where a0 is the radius of the first Bohr orbit: a= t2/me2, and
 
V is the interaction energy between the perturbing plasma electron
 




electron will be comparable in size to the atom, Griem proposes
 




distance between the nucleus and the optical electron. r=n a0/z.
 
6
Neiger proposes the modified formula V=(3/2)e2/r, which L, the 
electrostatic energy of a uniform sphere of charge e and radius r 
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and Peacock argue that the density of electrons near an ion is
 
low enough that their velocities are not in equilibrium with the
 
surrounding plasma, being directly related to their electrostatic
 
energies. They suggest using the interaction energy at the average
 
2 1/3
perturber-perturber distance, V=e Ne . Note that all these estimates 
predict blue shifts (for the Lyman-series lines) proportional to Ne ,
 
but decreasing with temperature (since, at high temperature, the
 
electron's thermal'energy is large compared with the electron-ion
 
interaction energy, and it doesn't see the potential well) Denoting
 
by V the chosen interaction energy when the optical electron hasprin­n 
LIpal quantum number n, and expressing the unperturbed energy levels
 
in term of the Rydberg constant R, we find, for the wavenumber shifts
 
of the "Balmer"-series lines,
 
A = -- 0 R (n4-1)exp () - (24-1)exp(V) 
2
 
This can be converted to a wavelength shift by multiplying with A0,
 
or an energy shift by multiplying by hc. Shifts predicted by each
 
of these choices for V (ze2 /n2a0, 3/2 ze2/n2a0, and e2Ne )are
 
plotted in Figs 4-4 and 4-5. For both lines, Burgess and Peacock
 
predict very small blue shifts, nearly independent of temperature.
 
Griem's estimate gives somewhat larger shifts, while the stronger
 
interaction proposed by Neiger gives large shifts with strong temperature
 
dependence. Using the measured values of the temperature, the data are
 
consistent with an interaction energy between those of Griem and Neiger,
 
while Burgess and Peacock underestimate the shifts To illustrate the
 




measurement, the shift predicted by Griem's formula was recalculated
 
using a 20% lower temperature, the results being shown as the dashed
 
curve in Figs. 4-4 and 4-5. After this correction, his interaction
 
energy gives the best fit to the data. 
The halfwidth of the 1215 R line was up to 30% greater than that 
calculated by Kepple.9,10 This is to be compared to a previous theta­
46 
pinch experiment, in which the ratio of the widths of the 4686 and 
1215 R lines agreed with the calculated value. However, this 
experiment was done at a substantially higher Mmperature, T > 10 eV,
e
 
so that the difference may not be significant.
 
D. Conclusions and Suggestions
 
Shifts have been measured of the first two lines of the "Balmer"
 
series of ionized helium. They are consistent with a plasma polarization
 
shift, where the interaction energy between the radiating ion and the
 
plasma electrons is between those proposed by Griem and Nemger and
 
probably closer to the former.
 
The Stark width of the 1215 R line of ionized helium has been
 
measured, and found to be up to 30% greater than calculated by
 
Kepple, 9,10 and increasing as the temperature and density of the
 
plasma decreased at the end of the discharge. This is perhaps
 
due to an increased interference by the 1215 R line of hydrogen.
 
Further studies of the plasma polarization shift might include 
more careful measurements of shifts of the hydrogenic spectra of 
heavier atoms, e.g., C VI 33.8 9. Previous measurements 39 showed no 
shifts, but with a possible error of .05 X. (In this connection, it 
47
is interesting to note that measured center wavelengths e.g.,
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of helium-like copper (Cu XXVIII) are slightly below theoretically
 
predicted values.) An attempt might also be made to observe shifts
 
of the higher "Balmer"-series members of ionized helium, perhaps in a
 






To reduce the error and delay of manual data taking with the usual
 
Polaroid oscillographs, a waveform recorder was designed and built for
 
this experiment (Fig.A-). The signal from one of the PM tubes is
 
amplified and applied simultaneously to 31 comparators. A voltage
 
divider provides reference voltages for the comparators, so for a
 
given signal voltage some of the comparators will be "on" and the rest
 
"off". 
 Integrated circuits accept the output of all the comparators,
 
count the number "on", calculate the corresponding 5-bit binary number,
 
and store it in a 5 bit by 64 word random access memory. When triggered,
 
control circuits advance the memory address counter and give write
 
commands once every 100 nanoseconds (or selectable, slower rates)' for a
 
total of 64 cycles. It then switches to "playback" mode, supplying the
 
stored numbers, each in turn, to a digital-to-analog converter. This
 
analog signal is a reconstructed version of the original signal, and can
 
be displayed on an oscilloscope.
 
The recorder consists of five such analog-to-digital converters
 
and memories, plus two digital-to-analog converters, so 5 signals can be
 
recorded, then any two displayed simultaneously.
 
If the waveform is acceptable, the investigator may set the twelve
 
"fixed data" thumbwheel switches and initiate recording. The shot
 
number (incremented each time the device is triggered), the fixed data,
 
and the contents of all 5 digital memories are written to a 9-track
 








n of 31 MEMORY TAPEto 5 x 64 DRIVE 
BINARY 
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RESISTORS 
Fig. A-i Block diagram of waveform recorder
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reverts to "ready" mode, waiting for the next trigger pulse If the shot
 
was unacceptable (due to switch misfire or abnormal time history of a
 
monitor signal, for example), recording can be bypassed.
 
Details on operation procedures and performance specifications of
 










The Digital Data Acquisition System (DDAS) is a high sped analog
 
to digital converter and memory. It can record 64 data samples on each
 
of 5 channels, with a sample interval as short as 100 nsec. These
 




2. Technical Specifications 
sample rate, once every .1, .2, .5, 1., 2., 5., 10, or 20 1sec. 
internal amplifier risetime 80 nsec 
useful signal range 0 to + 32 V 
maximum signal range -l to +1 V. 
resolutionL 3.1% of full scale 
channels 5 
signal input impedance 50 f 
trigger level +1.1 V 
max trigger signal range -.6 to +5 V. 
trigger input impedance lMQ 
playback sweep output 22.7 Hz sawtooth, 0-2.6 V 
analog output 0-5 V 
enabling circuit enabled if external circuit resistance 
is less than 100 Q 
mating input amplifier Tektronix type 127 preamp power supply, 
with matching Tektronix oscilloscope 
preamp. 
mating digital tape deck Cipher model 70M-360, producing 800 BPI, 
9-track, IBM-compatible magnetic tapes. 
magnetic tape record 329 bytes of 8 bits each... 
6 bytes (BCD, 2 digits/byte) fixed data 
from thumbwheel switches 
3 bytes (BCD, 4 low order bits) experi­
ment count 
320 bytes (binary, 5 low order bits) 





For optimum protection against radio frequency interference, the
 
unit should be mounted in a shielded 19 in. relay rack Several inches
 




The Cipher tape deck should never be switched on unless the DDAS is
 
on, so the proper logic inputs are provided.
 




2 	 If a tape is desired, turn the tape deck on and load a tape 
The "RECORDER READY" lamp should light. 
3 	 Switch the operating mode to "AUTO SEQUENCE", switch to 
"TRIGGER ENABLE TNT", and press "RECORD' BYPASS" ]he "ENABLED" 
lamp should light
 
4. 	Switch "DISPLAY CHANNEL SELECT" to "I". The "A-D DISPLAY" 
lamps are now displaying, in binary digital form, the signal on 
channel 1. 
5. 	Ground the channel 1 preamp input. Advance the preamp "vertical
 
position" control until all display lamps are lit. If this
 
cannot be done, adjust the 127 preamp power supply "DC level"
 
(on 	top of case).
 
6. 	Back off the "vertical position" control until all lamps just go
 
out. The zero level is now adjusted Repeat steps 4-6 for the
 
remaining channels now, and frequently during the experiment
 
7 	 Connect the trigger and signal cables If an "enable" circuit
 
cable is to be used, connect it and switch to "TRIGGER ENABLE EXT"
 
Set the desired sampling interval. When triggered (by a signal
 
or by using the "MAN TRIGGER" button) the unit will record its
 
64 	 samples of each channel and increment the "EXPERIMENT COUNT". 
8. 	If a visual monitor is desired, connect the "PLAYBACK SWEEP" to
 
the "EXT HORIZ IN" jack of an oscilloscope, and one or both of
 
the "ANALOG OUTPUT"'s to the vertical amplifier inputs. Set
 
"ANALOG CHAN SELECT" to the desired channels.
 
9. 	When a signal is recorded, the unit will automatically switch to
 
playback mode, the corresponding mode lamp will light, and the
 
stored waveforms will be displayed on the oscilloscope.
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10. 	 If a recording is desired, set the desired "FIXED DATA", and
 
press "RECORD DATA". Otherwise, press "RECORD BYPASS". The
 
unit is again ready to record a set of signals The unit may
 




11. 	 After experiment has been completed, press "EOF" several times,
 
and rewind and unload the tape
 
12. 	 Turn the tape deck off, then the DIAS and other equipment.
 
Alternate operating modes are provided for diagnostic purposes. In
 
"SINGLE STEP PLAYBACK" mode, the contents of one word in memory,
 
corresponding to the "DISPLAY CHANNEL SELECT" setting and the octal
 
address shown under "MEMORY ADDRESS", are displayed under "MEMORY DISPLAY"
 
and appear at the "ANALOG OUTPUT" jacks. The associated pushbutton steps
 
to the next sample.
 
In "MAN SAMPLE" mode, the unit stores samples one at a time, when the
 
"SAMPLE STROBE" pushbutton is pressed. The unit must be enabled and
 
triggered before sampling can begin.
 
In "CAL" mode, the analog to digital converters operate continuously
 






In most experiments the investigator assumes a functional form
 
governing his data which has several parameters, and the object of his
 
experiment is to determine the values of the parameters. If there is only
 
one parameter, the quoted result might be
 
a =aa ±0, 
where a is the true value (usually unknown), a is the "best" value which
 
can be determined using the data, and u indicates the error in a . We 
usually mean by a the mean square deviation of the data from the best 
value
 
2 (xi-a) 2 , (B-1)
 
where the x are the results from several similar experiments. It is
1
 
necessary to extend this to the case of several parameters and specify
 
a way of calculating the quoted values.
 
Assume the functional form is
 
y = f(,x) , (B-2) 
where x is the independent variable, y the dependent variable, and the a
 
error function4 8






M(a) = Y' ( (B-3) 
k=l o(Xk) 
* 
and let the "best" i be that value which minimizes M We find It by 






(B-4)a = 0 
The errors in these parameters are given by the elements of the 
variance-covariance matrix
4 8 
a1 = (ai-ai)(a3-a3I) (B-5) 
4 8 
which can be calculated from
 
(H-D± 2M(a) 
i = H I - %a) (B-6) 
±Lj 13 2 Da Da 
2
 





C =.--l (B-7)iJ 00O
 
If all the a(xk) have a common value u, the solution of (B.4) is
 
independent of that value. After this least square solution is found,
 
a can be calculated using
 




where we divide by n-m because after the parameters a1...am have been
 
calculated from the data, only n-m degrees of freedom remain.
 
If f(a;x) is linear in its parameters, the calculations are, of course,
 
much simpler, since (B-4) is then a linear system which can be solved
 








The data read from the waveform recorder tapes are processed by
 
several programs, each accepting an input file pLus control or
 
data cards, and producing one or more output files The last programs,
 
PROFILE, VPLOT, and THEORY, also print their results. Other programs
 
are available to read and list each file for debugging. All mainline
 
programs were written in FORTRAN for use on a Univac 1108 computer with
 
the EXEC-8 operating system. Intermediate files are "direct-access"
 
files on disc or drum storage, like those developed by IBM for their
 
computers, 0 but not defined within ANS FORTRAN. Other nonstandard
 
features used include PARAMETER statements and FORTRAN procedures.
5 1
 
The first program, REVERT, uses the assembly-language subroutine
 
TREAD to read the 9-track tape produced by the waveform recorder. The
 
tape record format is shown in Fig. C-i REVERT assumes the scale settings
 
of the input amplifiers and the sample rate of the recorder were set on
 
the "fixed data" thumbwheel switches. The alphanumeric file header (a
 
prose description of the run), number of channels used, and wavelength
 
for each channel and shot number are read from cards. The file header is
 
written into the output file, copied by later programs, and identifies
 
all printed output. Specified shots may be dropped at this point.
 
Since the waveform recorder stores 6.4 isec of the signal, while
 
the plasma lasts only about one psec, REVERT tries to select only the
 
useful part of each signal. The first twelve records are read, the average
 








rewound. Each record is then read, and the data for eight samples,
 
starting at time Tmax, are scaled and written to the output file, with
 




During the experiment, the light is sometimes attenuated to prevent
 
PM tube saturation, and PARAM corrects the measured intensities to
 
account for this. Since PROFILE requires that the monitor signal be
 
strictly decreasing, PARAM also chooses a decreasing portion of each
 
signal and discards the rest. The output record format is shown in Fig. C-3.
 
BSORT sorts the records, first on wavelength, then on shot number,
 
Experimental points can be taken in any order, but in thic. step all data for
 




PROFILE unfolds the data, recorded as intensity as a function of
 
time at different wavelengths, into intensity as a function of wavelength
 
(a line profile) at different times. Since the ionized helium line
 
intensities are sensitive to temperature, all data for one profile must
 
be taken under the same plasma conditions. PROFILE does this by taking
 
all the data for equal monitor signal (from the total intensity of the
 
He II 4686 line). The time at which the monitor signal decays to this
 
level is found, and the shot is discarded if this time is further than
 
1.73 standard deviations from the mean. Similarly, any intensities at a
 
given wavelength which differ from the mean by more than 1.8 standard
 
deviations are discarded. Profiles are then found for successively
 
lower monitor intensities (therefore later times). The means and
 
standard deviations of intensities at each wavelength go to one file
 




profile. All undeleted data points are written to a second file (shown
 
in Fig. C-5), used for fitting.
 
The actual least-squares fit is done by THEORY. As described in
 
the section on data reduction, the convolution of the theoretical line
 
profile with the instrument response function is done first, in alpha
 
space, using an assumed electron density. The instrument function is
 
assumed Gaussian, so the convolution integrals are done using the
 
Gaussaan-Hermnte'3-poxnt quadrature formula.5 2  This profile is fit to
 
the experimental data and a new electron density is found. The convolution
 
and fit are repeated until the electron density converges, usually within
 
four iterations. Each of these fits requires a search for the values
 
of the four parameters (line intensity I, background intensity B, line
 




mean square deviation o of the fitting function from the experimental
 
points. The subroutine ZXPOWL, from the International Mathematical
 
and Statistical Library (IMSL)5 3 uses the function-minimization algorithm
 
described by Zangwill5455 to find the best-fit values of X0 and Ne .
 
For each trial values of X0 and Ne, it calls the subroutine FUNCT3,
 








When the best values of all four parameters are found, subroutine
 
FUNCT2 finds the second derivative matrix of 2 numerically, inverts it,
 
and normalizes it to get the standard deviations and correlation
 
matrix of the best-fit parameters. If the line is He II 4686, it uses
 




routine TPLOT plots the average of the experimental points at each
 
wavelength, the best-fit theoretical profile, and the background level.
 
The entire procedure is repeated for each profile, but since the line
 




6 bytes 3 bytes 	 320 bytes
IFIXED COUNT 	 DATA 
_ 
FIXED 6 bytes BCD, 2 characters/byte 	 data from thumbwheej 
switcheq 
COUNT 3 bytes BCD, 1 character/byte shot number
 
DATA 320 bytes binary number, l/byte data, grouped by time
 
total, 329 8-bit bytes/record (excluding parity and check bits)
 
Fig. C-1 Record format of waveform recorder tape 
2 words 1 word 
 I word 16 words
 
LBLSCALE COUNT 
 T1 Y 1 T2YT 
LABEL 2 words, FIELDATA 	 First 5 characters are the wavelength in
 
X (decimal point assumed before last
 




SCALE I word, real (R) 	 Amplification on preamplifier (V/div)
 
COUNT 1 word, integer Shot number (same as 	above).
 
T 1 word, R Time of sample (Ilsec. after trigger pulse)
 
Y 1 word, R Signal amplitude (V)
 
total: 20 words/ record
 
Fig. C-2 'Format of data record 	written by REVERT
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2 words I word I word 1 word 8 words 8 words
 
LABEL SCALE COUNT POINTS T1 2 -'T8 Y1Y.2Y8
 
LABEL, SCALE, COUNT, T1, Yi as before
 




Fig. C-3 Format of data record written by PARAM or BSORT
 
1 word 36 words 36 words 36 words
 
MONITOR WAVELENGTH AVERAGE J SIGMA 

MONITOR 1 word, R Intensity of monitor for this profile
 
WAVELENGTH 36 words, R Wavelengths (R)
 








Fig. C-4 Format of plot-file data record written by PROFILE
 
I word 55 words 36 words 36 words 28 x 36 = 1008 words 
MONITOR BLOCK NUMBER WAVELENGTH INTENSITY 
MONITOR 1 word, R Intensity of monitor signal for this profile
 
BLOCK 54 words, integer (currently not used)
 
NUMBER 36 words, R number of shots at this wavelength
 
WAVELENGTH 36 words, R Wavelengths
 
INTENSITY 1008 words, R INTENSITY (I,J) is the signal for the Jth
 









A Note on Program Documentation
 
A code is used to describe the parameters of some subroutines.
 
FQr example, in TIM,
 
INT R,I Given intensity
 
the R indicates INT is real (single precision floating point) and the
 
I means it's used only for input (i.e., the subroutine doesn't change
 
its value). Possible parameter modes are*
 
F single precision floating point
 










and possible uses are:
 
I input only (unchanged)
 
0 output only (changed, contains useful information)
 
10 input and output 

























DBANK, GROUP, FETCHS, FUNCT3, FUNCT2, TPLOT,
 
AXISN**, NEWS, NEWT, NEWU, SIGMA, SYMSLV VALUE*
 
Programs in UNIVAC Assembly Language.
 









2 C NA4E... 
3 C RFVERT 
4 C 
5 C PURPObE... 
O C TO ACCEPT A TAPE PRODUCED jY THE DIGITAL DATA ACOuISITION 
7 C SYSTEM A'ND PRO UC, A FILE ACCEPTABLE TO PROGRAN 0PARAM'. 
a C 
9 C USAGE... 
to C (fXQT RFVERT (NOT O.REVERT) 
11 C <DATA CARDS> 
12 C 
13 C OPTIONS: 
14 C ILI PRINTS INFORMATION FROM DATA CARDS AND FIXED DATA 
15 C FRO4 TAPE RECORDS (THUIMTWHEEL SWITCHES) 
lb C IN, IGNORES IMPROPER SCALE OR INTERVAL FROM TAPE 
17 C RECORD HEADER...O MESSAGES 
18 C 'Rt OMIT INITIAL REWIND (OEFAULT: REWIND TAPE bEFORE 
19 C READING) 
20 C 
21 C INPUT... 
22 C DATA TAPE OITH NAME INTAPEI. PRODUCED BY THE DIGITAL DATA 
23 C ACOUISITIDI-SYSTEH 
24 C DATA FROM THU'dWHrEL SWITCHES IS INTERPRETED AS FOLLOWS* 
45 C DIGITS 1-5.. SCALE (V/DIV) FOR CHANELS 1-5 
20 C DIGIT 6...SAMPLE INTERVAL (MICPOSEC) 
27 C SETTING 0 1 2 3 4 5 6 7 8 9 
28 C MEANING ILLEGAL .005 .01 .02 .05 .1 .2 *5 1. 2. 
29 C .005 ILE. SCALE *LE. 2. 
30 C .05 .LE. INTERVAL .LE. P. 
31 C INTERVAL SPECIFIED ON CARD 3 SUPERCEDES DIGIT 6. 
32 C A WARNIJG IS PRINTED IF INTERVAL ISN'T .1 FICROSEC. 
.53 C 
34 C THE FOLLOWING DATA CARDS; 
35 C CARDS I AND 2... 
36 C (72A1/72AI) ALPHANUAERIC FILE HEADER IMAGES 
37 C CARO 3... 
36 C (I5) ,iU4aER CF CHANNELS BEING USEu 
39 C (Fb.O) SAMPLE INTERVAL IN MICROSECONJDS 
40 C (IS) hDNITOR SIGNAL CHANNEL (IF ULAi'K. THE PROGRAM 
41 C USES THE FIRST CHANNEL WITH BLANKS IN THE 
'42 C WAVELENGTH SPECIFICATION COLUNS OF CARD 4.) 
43 C (152 STARTING SAMPLE NIMSFR (IF BLANK, THE PROGRAM 
44 C REAUS THE FIRST 12 RECORDS AND USES THE 
45 C AVERAGE OF THE MAYIMA OF THE MOtJITOR.2 
46 C CARDS 4-N (SORTED BY SHOT H. INCREASING) 
47 C (IS) FIRST SHOT NUMBER OF A GpOUP OF SHOTS WITH 
48 C THIS SET OF WAVELENGTH SFTTINGS. 
49 C (5F5.1).WAVELEGTHS IN AN4GSTROMS FOR EACH CHANNEL 
50 C BLANK FIFLD INDICATES A MONITOR CHANNEL 
Si C CARD N+I... 
52 C *QEOF I IN FIRST FIVE COLUMNS 
53 C CARDS N2 - M 
54 C (IS) SHOT NUNRER WITH INCORRECT SCALE 1l 
55 C (SF5.41 NEW SCALE #IS (BLANKS FOR CORRECT ONES) 






bl C *t'F - Ii1 FIRST FIgE COLUX4S 
W3 C 
b9 C OUTPUr.., 
bO C IN FILE 10. A FORTRAN1 RANDOM-ACCESS FILE ACCEPTABLE 
61 C TO PROMRAM *P4RA4 
U2 C 
b3 C DATA RECORD FORMAT: LAbEL(2)SCALlISHOTTIy.T2,Y2 ... TO.Y8
 
o4 C TOTAL: 40 WOR'S
 
ab C 
4b C SUBPhOGRAMS ROUIRED... 
67 C 
08 C BEGIN 




7 PARAMETER PorTITSZI 
73 PARA IETER MPTS=S 
14 PARArLTER MSADf=S 
75 PARA4ETER CHAN=4 









61 DIMCJSIOII SCALE(9) ,IEAt'Elt f1P) - AVrL(FLfPTS' CIA ) .acnRCOO(N, ORDS).
( )

82 - IREC(iO4DS)HKSHOTC,4OTSI-W(tCHA43,LSOT4 BAD , 
a - GOOD(CMAPOfICJAll) 






.7 DATA JPTS, NFILr. ENOrEC, IRDe CARd. 'APfIED, SGIVEI
 
88 - 1, I0'.EOF *, 9, 5,.FALSE.,.FALSE./
 
69 DATA f 4CHAr', 'OTS. -41rCu, MVO-AG
 
90 / ,4CHANr mPrs. 4RCu, *RAD/ 
91 COM Ue NSHOTpU1C12)-ISv(5,64)
 














99 c TRAhSFER HEADER IIJFOR4ATIOI4
 




















110 C READ NU'ABEH OF CHANNELS IN USE- SAMPLE INTERVAL,
 
11 C MONITOR CHAr 4EL 9, AND STARTING CHANNEL 
112 READiCARD,820,END=O6)NCHANSAMPLE'ONITKTIVE 
113 820 FORHATCI5,F5.0,215) 
ORIGINAL PAGE IS 
Or POOA kqUALUT 
62 
ZLt*uVRT .. f.. 
114 ZFC,4LIIA.GT.'IHAI4 .OR. NILhAN.L .O)G TO 118 
115 IF(SAIPLE.EO.0.)bO TO 12 
1ko Ir(SA'PLL.LT..O .OR. SAMPLE.Ct.2.3GO 70 110 
117 sGIV.I-.=.TRUE.
 
Ila 12 IFi(O.IIr.LT.0 .OR. MO.*IT.GT.NCHAN)GO TO 112 
119 15 IF(KTIML.LT.O .OH. KTI'IE.GT.S')GO TO 114
 
Lau la £F(LONGIPRINT 815.NCAN.SA 1PLF.MOJIT,KTIME 
1.11 815 FORMIAT(IX//IX,12' CHIM.,kLS I0CEO,9.F6.P.t USEC SAIPLE INTERVAL'/ 
122 - CIIANNEL'.12.' IS MONITOR. STARTING CHANNEL IS',I4) 
123 C
 
1Z c READ WAVELENGTHS FOR EACH SOOT MUMBER
 
1-b IF(LOfG.AND. .NOT.OPT(1Y))PRIfJT 925 
146 825 FORMAT(1X//' SHOT U AVELENGTHS°/) 












13 23 IF(LOa4b.AND. .NOT.OPT(1Y,))PRINT B35.KSHOTCNPTS).(W().M l.NCHAN)
 
1.34 835 FoR.4AT(lX15,R2X,SF9.2) 






tiA 00 28 fLUAO=1,rIAD
 




141 28 CONTItUE 
142 GO TO 117 
143 * 30 .SHOT(NBAD)=lnO0OO 
144 N6AD=N3A1l-1 
145 IF(MONIT.NE.O)GO TO 40 
146 C 
147 C WE %ERETi'T TOLD THE MONITOR CHAtNEL tt...
 
148 C FIGURE IT OUT (PLANKS IN T1HE WAVELENGTH FIELD)
 
149 00 35 t4ONIT=I,1CIIAII
 




133 C THEPE'S STILL In 'lO'IITOR CHANNEL SPECIFIED... 
154 C USE CiANNEL 1 
155 PRk:IT 901 
1:b 901 FORMATC' NO MONITOR SPECIFIEDl...USING CHAN. 1') 
157 MONIT-1 
lOB 40 IF(KTIME.NE.O)GO TO 58 
Ib9 c 
lbO C 4E WEREN'T TOLD 4HICH TIME TO START WITH... 
lbi C FINO AVERAGE TIPE FOR PFAK OF MONITOR SIGNAL 
162 C A40NG FIRST 12 RECORDS 
1o3 DO 47 L=1,12 
1b4 CALL TRCAD(NSHOTKEOF) 
lbs IF(KEOF.IIE.O)GO TO 118 
Ib6 MAX=ISIG(MOJIT,1J 
167 I-1 
16a1 DO 45 K=2,64 





* o HEV,.RT oe,
 
171 MAXLOIG(JVNITK) 
17Z 4b CNruu! 
1I.5 47 KTZ~l.kZTIfrt+1 
174 KT I 4EZ ,Iro(57. KTI'E/12) 
175 CALL ,E411O 
176 IF(O 'L ))STOP 





IdO 838 FORMAT(LX//' RECORD SHYT fl FIXED DATA'/)
 
Ibi 00 82 Lfl.'4RCD 
182 C 
123 C READ A RECURO 
I84 CALL TREAD(NSHOTKEOF) 
185 IF(KEOF.IiE.0OGO TO 85 
tab XSHOT=MSHUT+I 
1d7 IF(LONS)PRINT B4OMSIIOT.NShOT.,4U?" 
18 840 FORMAT(lX.14,19.nX512 2k 2,2X6T2) 
189 INREL=INREC+1 
190 C 
19! C FliO TH WIAVaLEP'GIH INFO FOR THIS SHOT NUMBER 
192 IF lJNtOT.LT.KSIOT IJPTSI )JPTS=I 
193 ISTOP'-lPTS-JP'S+I 
194 DO 62 I=,ISTOP 
195 IF(HrsIOT.LT.XSHOThJPTS+))DO TO 63 
196 62 JPTS:JPTS*1 
197 63 CO'JTIIUE 
198 00 82 M=1.NCHAN 
199 C 
200 C LOA) DATA FOOM ONE CHAIP'EL INTO A RECORD 
2u1 C 
202 C DISCARD DATA IF DESIRED 
203 IF(%AVELJPTSM).EO.)999 *.OR.AVELJPTSH).EO.-99999')CO To 82 
204 C 
205 C PICK UP SCALE a VRO4 PECARD HEADER
 
206 IS=NU (M) 
207 IFIOPT('s,'))ISZIIUM(M-1) 
208 IFIS.GT.O .AND. IS.LT.)GO TO 65 
209 IF(.NOT.OUIET)PPI T Q02,IJlREC.lSl3T,Mi.'S 
210 NERR=rERR+1 
21L 902 FORHMT( TAPE Rt:CORD.I'4,' SHOT.,I5, ,CHANNELtVI2,
 
212 - *...SCALE a OUT OF eA.JrE:,I5/
 




















223 GO T0 66
 








tJRIGMMAl AI jI 
1ORM UALMYk oq 
64 
*t*eI'CVLPT *. 
2211 C PICK UP SArIPLE I'.TEnVAL FROc PECfO L HEADER 
J49 Lr-JU {. )
 




232 IF( .°OT.I.JIET)PqIT "04, LVREC.ISHOT. IT
 
,
2.3 903 rORAAIC' TAPE RECORO',14D' SOOT,,I5,
 
2 4 '..SA.IPLE INTERVAL 9 OUT OF RANGE:',I5/
 








209 C GIVE 04E WARNING IF INTERVAL ISN'T .1 US 





243 PRINT 9U4, INRFC.NSHOTSA,4PLE
 
244 9U4 FOR4AT(' TAPE RECORD',14,' SHfI7',TS,...S4flLr INTERVAL 1.OW',
 








249 DO 7 K7.,,,'CHDS. 
250 RECORDC KK-1 )=TI'E

2b1 C 
252 C WE WAKE A LORRFCTION ')F A FACTOF OF 10 bECAUSC 
2 5 C TI.E APE TOO EXTRA A"PLIFIEPS !N THr. DATA SYSTEM 
25 RECOND{(KK)=.IISIG(M,)*A4PLFY 
255 R=K I 
2jo 75 TIIE=TIME+SA IOLE 
257 C 
250 C SET UP OUTPUT RECORn HEADER 
259 ENCOOk tdb0,IREC)AAVELJPTS4M),NSHOT 





2b4 82 CONT1tIUI. 




267 C END OF FILE....4UITTINS TIME 
2u8 f5 PRINT 86O,SH)T,hoEC 
269 860 FORrIAT(IX,16,' SHOT PROESS-Or'/1X,I6,' RECORDS WRITTEI')
 
270 IF(.''tf'.GT.O)pRIT 9 05,t,.R 
271 905 FORMAT(1X,1o0 , EHPORS CR A-,I'JGS-) 




274 C COMPLAIJ 
275 106 PRINT 906 
276 906 FORMAT(, HEADER CARDS AR= 'AISSING)

277 GO TO 199
 
278 108 PRINT 96, CHAt?04CHAI"
 
279 908 FOR4AT(' rUPIHER OF CHAINLS',I5.t, IS OUT OF RANGE 1 TO'12)
 
2UO GO TO 199
 
261 110 PRINT '10,SA"PLE 
2b2 910 FORMAT(' SAMPLE IITERVAL OF',6I5.5 IS BAD'/
283 ' USING TAPE RECOND HEA0EP S') 
284 GO TO 12 
65 
.t.*., 'LVLRT -*00, 
2d5 1IZ PhINT 912,HONIT 




2bb 912 FOR.4A1(C CHA.PJFL "WA')') 
2o8 GO TO 15 
2d9 114 P.111T1t 4,KTI"E 
290 914 FOHM.T( &IVE&I STIRTI,jr, tHANJEL 1,',I%.',bAD')IS 
291 KTI,4t=O 
292 O TO 13 
293 116 PaINr 916.fMPTS 
294 916 FORMAT' TkIERF ARE MOdL THAN', 30 t WAVELEJIGTH CARUS-) 
295 50 TO 199 
296 117 PRINT 917,,N,3AD 
297 917 FORMATC' TIIER7 AR' MORE THAt' 13,' CORPECTIONl CARDS) 
295 GO TO 199
 
299 118 PRIHT 918
 
300 918 F64VAT(* FEdEP THII 12 S1G6IZLS ARE PAESENT')
 
30l G0 TO 199 
302 124 PRIIJT 92',.A4PC0 
303 924 FORMAIC' t'ORE THAN'.15.' TAo! IECORDS...QUITTING') 
30' C 










OmGINAfl PAGE IS 
OF POOR QUALIT 
66
 
****** REVERT (Sample data) * 
Long printout is wanted.
 @XnTILL[F Ri V R-T 

t1L OATA Ut UFI' 10 NOV 75...PRr-cYJR='85I=.5OT=,.7V9 R(FLECrOR =.8 
SCAN. OF lC II 164t, ANO 4686, AL II 1670 ... ,AuF2 FILTER RUMl 101 
3 27 1 4o11 3 channels were used. 
Id 32 /1'4679 
27W?78 4681
 
First shot number at these wavelengths
L J3 -32184683 
39327) 46114
 
46 32 79'" 468,)

.,3j 1468 Channel 1 set at 3280.0fl1 34268g ) 6 
693281)4688 
 Channel 2 set at 4688.0
 
76'3301 4W0) 
Discard data for channel 2, shots 84-92.
 P490)0 L 
933118546,92 








I2, 334o3 4730 
6 OGb 76 had wrong amplifier setting recorded-Shot 

77 **r5781 Channel 1 was .005 V/div




Some signals were attenuated
@xOT,AI. PARAM 

Attenuation factor was .151.
 





.294, 467'). I 4'696 . @c) 
t*.o. PCV.RT (TI EA')0 
2U373jLN*.Uk lvA.s( L).TRZAJ 
1
 









a CALLING SEQUENCE... 
9
 
10 CALL TREAU (BUFFEdEOF)
 
12 BUFFER 333 WORD DATA INPUT BUFFER, INTrGER
 
13 BUFFER(I) 1. THE EXPERIMENT COUNT 
14 BIUFFER(2-13) ARE MISC FIXED DATA 
15 BUFFER(1'-333) &HE DATA POINTS. flflENSIONEU (5,64) 
lb EOF E'0IOF FIL .. RA'wLR.SET NON-ZEPO iF EOF 
















27 TAPE RECOnD FOP'AT IS:
 
28 6 RYTES (aCn. 2JBYTE) FIXED DATA
 
29 3 BYTES (8CC) EXPtRIME'I1 COUNT
 






34 MAIti ENTRY POINT 
35
 
Z6 TREAD- LA AO.ENO. AqE YE AT THE ENC OF THE FILE?
 
.57 .1z AO.3,XIl. IF SO RETUR'I AT O'TCr 
.5 ANOTHER LAtU AOPKTT.
 
-.9 ER IO4S. FETCH A BUFFER FULL
 
40 LA A0.PCTTt . PICK UP STATUS ArIn CHECK.
 




43 OKAY SX X1,SAVEX.
 
44 LXM X1.OXLI. XI WILL POINT TO THE NhXT 9ORD IN THE
 

































b9 AA A2,AI. EXPT COUNT IS I'l A2
 
00 SA AZ.O.*XI. STOPE EXPT COUNT IN BUFFER
 
02 PICK UP MISC DATA 
63
 




66 DSC AO,4. BACK UP ONE DIGIT
 
67 LOOPI LJSC AO.12. inVF FOqWARO 3 fIrTS. PUT IN AI0-)
 
b8 ANDU AlI,017. MOVF LAST OIrIT TO A2(0-0)
 
09 SA AZ.O.*Xl. STOPE DIGIT
 
70 DSC AOt&. MOVE BACK 1 DIGIT
 
7l AND.U AI,017. PUT ONE DIGIT INTO A2(3-0)
 
72 SA A2.O.*Xl. STORE BCD DIGIT
 
73 JG R2,L'OP1. DECP!PEJT COUNTER
 
74 
75 * GET REAL DATA 
76 
77 SX X .SAVEX+I. X2 POINTS TO NEXT PAIR
 
78 LX X2,Q(pINqUF+Z) OF WORDS IN INPUT BUFFER
 
79 LRiU R2,34. MOVE 35 PAIRS OF WORDS (315 BYTES)
 
30 LOOP3 DL AO.O,*X2. PICK UP TIC PACKEn WoRDS
 
81 LitU RL1.. NIrir IRCS AT A SHIT
 
b2 LOOP2 LSC AO,,.
 




b5 JGU RI.LOOP2. SHIFT U-TIL BOUILE VORD IS FINISHED
 
36 4GD RALOOP3. FINISH 25 wORD PAIPS
 
d7 DL AO.OX2. PICY UP LAST TWO WOrDS
 
8b LRU RI,. PROCESS ONLY S BYTES
 
89 LOOP4 LDSC AO.B.
 




92 JOB RILOOPQ. FINISH THE LAST S BYTES
 
93 sZ *1.XiI. CLEAR EOF FLAG
 












0oo EOF LA.SI AOPKTT+3. TEST FIRST FOR EOF 
101 TE.U AO.Ot. 01 OEAIS END OF FILE. 
102 j 80. 
103 SA AO.E'D. NOTF THAT EOF REACHED
 










1.9 SLJ PRINT. LENGTH WRONG...PRINT STATUS 
It0 ER ABORTS. AND QUIT.
 
ILI al LA.S1 AO.PKTT+3. GET I/O COMPLETION STATUS CODE AGAIN.
 
112 TfJE.U AO.O0. 00 MEANS NORMAL COPLETION. (MUST BE
 
113 j OKAY. COPIED TAPE, SINCE FRAME CT IS NORMAL)
 
69 
*0.,-0 REVLRT (THfEAE4 si t 
114 TL.U AO.O". 04 lEAN; AFJN')RMAL FR.AAL cOUf,T. 
1l3 J 82.

116 SLJ PRINT. AFC NOT S. Sn WE PRINT STATUS, AND 
17 J ANOTHER. GET NEXT RECORO. 
lid n2 SLJ PRINT. S' OTIPFP T/0 ERQOR... PRINJT STATUS 
119 ER ABORTS. AJD CUIT, 
1,0 




1 3 PRINT 4 S-S
 








12R El ANLU AO,07. 4OV" ONE OCTAL DIGIT TO AI(2-0)

129 AA.U A°060. CO'IVERT TO FIELATA DIGIT
 
130 ObC AI.6. 'lOVE INTO A2(35-30)
 






1,(4 SA A2, IlILUF.
 










141 REdIND. LU AO,R'D.
 
142 El IOWS. REWIin THE TAPE
 






146 SLJ PRINT. STATUS SAD.. .PRINT THE STATUS
 
147 ER ABORTS. AND OUIT
 









153 S(O),SAVEX RES 2.
 
154 PKTT ISOT *INTAPE',PS 74I.JJF.
 
Ib5 + '1/0 STATUS '
 




158 END + 0 . SET NONZEPO "HEl EOF FOUND 
Ib9 RWD 1bOT 'INTAFE'.REd .
 
.EJCT 
ORIGINAL PAQIR X, 













7 TO 06TAIH FOR THE USER PROGRAM THE OOTIONS SPECIFIED ON 
a THE EXECUTING STATClENT. 
9 











1 * SdITCH WILL HAVE THE VALUE .TRUF. IF THF 'U OPTION WAS 
19 PECIFIEO Cl TIL XGT OR QFILE.PROGRAY CAtJ, AJO .FALSr. 
20 OTHERWISE. TEST WILL ST"ILARLY INDICATE TIHE PRESENCE OF 
21 H- IT' OPTION. 
2 (O) LIT. 
23 sCI) AAm~3. 
Z4 OPT* TZ HAVE GO GET OPTIONS IF WE HAVEI'T ALREADY 
25 J GET
 








.1 LSSL AO,1O.AI . SHIFT CORPECT BIT TO HIGH-ORDER BIT
 
.31 SSL AO,35 . SHIFT TO LOW-ORDER (RESULT I5 1 OP 0)
 
-52 .1 2,X1l . RETUR'i
 
33 GET SX XII.WORD .
 
34 EN OPTS * eFT OPTION WOPD
 










40 RETURi RCS I
 
41 HAVE + I
 











2 C NAE... 
3 C PARAM 
4 C 
5 C PURPOSE... 
6 C rO CREATE RECORUS WITH STRICTLY DECREASING MONITOR SIGNALS 
7 C 





U.PARA OR OXQT *PARAR 
11 C OPTIONA: 
12 C A (QXOT OILY) AMPLIFY SOMF SIGNALS WHICH WERE 
13 C ATTEkUATED WITH A NEUTRAL OENSITY FILTER 
14 C 





RANGE CWLvU$,HIGI) WILL SE AMPLIFIED 8Y 1/.294 
18 C INPUT... 
19 C ACCEPTS FILES CREATED BY PROGRA4S IRCOVER- OR 'iEVERT'. 
zo c 
21 C RECORDS t I 2: 
2. C (72A1/72A1) FILE HEADER 
23 C 
.4 C RECORD' 3-N: 
25 c WORDS L,.2 F5.1II3 WAVFLE'IGTII.SHOT 4 
z6 C WORD 3: (R) SCALE. VOLTS/DIV 







WORD 5: (I) n POINTS IN 7I'IS PrCORD 
WORnS o-13: (R) lImCS (U EC) 
WORCS 14-21; (R) SIGNALS IV) 





'QEOF - IN FIST rn)D 
34 C OUTPUT... 







[72A1/72A1) FILE HEADEP 
39 C RECORDS 3-ft. 









WORD 3: (R) SCALE CV/DI'f) 
WORD 4: (I) SHOT I 
WORDS 5-20: (R) PAIRS OF TIME (USED). SIGNAL (VI 
RECORD N+t: 
45 C 'GEOF I IN FIRST AORD 
46 C 
47 C SUBPROGRAMS REQUIRED... 
48 c 
49 C 13EGIN.OPT 
50 C 
51 PARAMETER MRCD1000 
52 INTEGER OUTFILOUTRECTEST.END1 
53 INTEGER HEAD20I HIGHVALLEYPEAK 









b7 DATA ENDI.INFILE.CUTFIL. IIRECOUTUEC
 




61) EUUI0,,L "CL W I), {M) 
61 LOGIC.L SnME
 
o2 CALL rEGINC'PARAH 2.11 r')
 
b3 AATTEI.Z1 
64 IF(.NOT.OPTC'A'))GO To 5 
6b PRaiT UUO 
66 800 FORMAT(- EITEn ATTEN AND WAVELENGTH RANGE') 
b7 00 3 KATTE.4=1.8 
68 READ eOSEND=5FACTOR(KATTN), LO dKATTEN) WMIGH(KATTEN) 
69 805 FORMAT() 
70 WlO4IkATTEN)=wLO0(kATTEm)-.05 
71 WHIG-(KATTEN)=WHIGH(KATTLN).Ob 
72 IF(FACTOR(KATTEN).GT.1.)PRINT 901 
73 901 FORMAT( >1?') 
74 3 COJTI.,UE 
75 KATTEN:8 
76 5 VLO91KATTEN)=AOO. 
77- - HIGS(KATTCIf79C0. 
78 DEFINE FILE IIFILE(MRCODeltU.I4REC) 
79 DEFINE FILE OUTFIL(MRC.2A0UOUTREC) 
80 C 










86 C REAr A REC.RO = 




09 C 0UIT AT ENov OF FILE
 








95 00 1, KKZIZKATTEd4
 
9b IF(WAVE.LT.tLO1(KK))GO Tu 12
 




99 GO TO 15 
lug 14 AMPLFY=FACTOR(KK) 
101 C
 
102 C TRANSFER RECORD TO OUTPUT AREA 
103 15 N=MI.4b(N.8) 







Lo8 C SORT POINTS ON TIME
 
109 IFCN.LE.1)GO TO 40
 
110 DO 2d J=N.2,-j 
III SAMEZ.TRUE. 
112 DO 25 I=2,J
 










121 25 COI4TIUE 
122 IF(SAME)GO TO 30 
123 Z8 CONTI'iUI 
114 c I
 
IUS C IF THIS IS A MONITOR SI NAL, ENSURE IT'S
 
126 C MO.JOTONICALLY 0FCREASING
 
127 30 0ECODE(40,HEAD)TFST 
128 d4O FORNATCA5) 
129 IF(TEST.EQo. ')GO To 31 
ISO I0=Ii 
La1 bO TO 4's 






FIF10 A LOCL AAYI"U'Ilid C 

IJ9 Z2 lb=15#i 
140 IF(W0.GTN)GO TO Al 
141 1F(d(18).LE.0B(F-APSCIA+1-N)))GO TO 32 
142 C 
143 C NOTE LOCATION 0 LOCAL IfAXIMUM 
144 HIGH:IB 
145 C 
14b C FLI' A LOCAL MNll*U 
147 34 IB=ILtl 
148 IF(IB.GT.N)GO TO 36 
149 :F(3(I).GEFc(-AnS(!0+j-N2)3GO TO 34 150 C 
151 C IS THIS DROP BTIGER THAN PREVIOUS BIGGEST? 
152 tFWCoIGH)-(rB)*LE.DROp)G0 TO 32 
153 C 





6 60 TO 32
 








103 C HAVE FOUND8rIGGrST DROP...GET RID
 
1u C OF POINTS bEFORE PEAK
 
1ts 38 £3=o 
166 40 I$=1U+1 
167 IF(IB.GE.PEAKIGO TO 42 
168 A(IBD)A(PEAK) 
169 B(IB)=B(PEAKI 















ld GO TO '44
 
179 C 








1i4 C CLOSE THE FILE AND EXIT
 



















7 C NAME... 
3 C OSURT 
4 C 
5 C PURPOSE... 
6 C TO SORT THE RECORjS. FIRST BY WAVELENGTH THEN dY SHOT I. 
7 C 
a C USAOE... 
9 C 
10 C W.BSORT OR QX0T *5SgRT (NO OPTIONS) 
11 C 
12 C SUBPROGRAMS CALLED... 
13 C 
14 C BEGINPSTARTSADDSOROPHADPHDROPADTOFINDTO.EPUSH.EPOP 
15 C 
16 C METHOD... 







ENOUGH (HICGHER TH.N LEAST ON- CIMRENTLY SAVED# IF THE 
BUFFERS ARE FULL) IT IS SAVE' AtID IF THE BUFFERS ARE FULL. 
THE LEAST ONE CURREJTLY SAVED IS ARITTFN IN ITS PLACE. WHEN 
ad C THE END OF THE UNSORTED PORTION OF THE FILE IS REACHED. ALL 
22 C RECORDS nEING HELJ APE EXC JANGFn WITH STORED RECORDS. THE 
e3 C PROCESS IS REPEAT0D, IN ALTERNATING 'IRECTIONS UI.TIL THE 
24 c ENTIRE FILC IS SORTED. 
e5 C 
26 INCLUDE STORESLIST 
27 LOGICAL IOUND 




CALL f-EGINI'BSORT 2.01 011 
31 DEFINE FILE NWILE(100fl2O.UIREC) 











45 C BEGIN NEW SWEEP 
44 10 CHAtIGE=.FALSE. 
45 NPASS=NPASS+1 
46 C CALCULATE NEA PFCORC Nt4JMR 
47 12 IREC=IRECINjCq 




IF((KrOd'4.LE.O).ArID.C.tIOT.SURE))GO TO 30 
IF(HJASE)1b*l5,14 
14 IF(IRLC.EO.FROM(HASE))G TO 24 
52 C READ NEW RCORO 
53 15 CONTINUE 
54 READ(NiFILE'IRFC)(RrI.BUWERI.I=ISI 
55 NREAU=NREAD.1 
56 IF(FOUNU)GO TO 20 
ORIGIMu PAGfl 18 
Op~POOP, gaUAur 
76 
T:* I SOhT *t*. 
b7 C STOP SvtEP IF T1IS IS Lfi1 OF FILE 







02 GO TO 40 
03 C AnD THIS RLCO'D To SORT STACK
 







IR GO TO 12 
b9 C WE ARE HOLUIIIG A RECORD WE WANT TO %RITE HERE...
 














77 bO TO 12
 
78 C THERE'S NOT ENOUGH ROOM TO DO ANY SORTING LURING 
79 C TrIS SCAN ...BYPAbS ALL RFADING 
dO 30 IF(HoASE.LE.O)GO TO 32 





































IUD GO TO 51 
101 C SET POINtTERS 












111 C WRITE SORTED RECORDS IN PROPER ORDER 
112 58 IF(TTOP)74.74,60 
13 60 IRECZIREC+INCR 
77 
*.* d1 SegT .... 





17 GO TO ol
 
IL8 C FILE RECORD THAT WAS HERE IS ItNTHE SORT 








144 CALL EPUSHITTOP) 
125 TTOP=! 
iZb 00 TO 58 
147 FILE RECORD THAT WAS HERF MUST BE HELD 
128 C AND WRITTEN BACK LATER THIS S4FEP 
129 68 CONT1IUE 













l48 60 TO 58 













146 60 TO 75
 




149 IF(AdSILAST-iEXT).GT.I)GO TO 1U
 
2 O c SORTING COMPLETE. . REPORT 8 QUIT
 
131 88 CONTINUE 
1 2 PRINT 808.RECRD 4PASS,NWRITINHEAD
 










158 89 PRINr 905.,hPASS
 










± SUIROUTINE SAID wIIERE) 
3 C PURPOSE... 






















L7 10 IFCCMPARE(HEPE.STOP))20,IS.15 
Jl C ENTER RECORO AT TOP OF 'TACK 
L9 2.5 UPCSTOP)=HERE 
20 Jp(. HcR t)
 
at DOWN C 1IERE ) =STOP 





25 IF(CAPAREt *HERE,SPlASE) )2 22,2b
 
26 C EiJTF9 RECORO AT 3ASE OF STACK 








,22 25 I=STOP 
33 30 I=00*I C1C) 
S4 IF(CMPARE(.HEREuI) )30.35,35 
35 C ENTER RECORD ABOVE PECORr 1 
56 35 J=UPCI)
 














r.t.e* $SORT (STORE) *tfltt 
20b33JIM*OkKSPAt ) STORES 
I STORE PrqOC2 c
 
3 C PROCEDURE NAME...





7 C TO COMH"UNICATE THN RECORD STACK INFORMATION FOR SefRTITlf
 








12 C BSORTlBEGIrISTARTSADDSOROPHADOHDROPADDTOFNDTo.EPUSH 
13 C EPOP 
14 C 
L5 C LL IS THlE NUMIER OF RECORDS HELD IN MEMORY, 
16 C AND MUST OF AT LEAST 3 
17 PARAMETER LL=2 
18 PARAIEThR LGH=20
 
19 IPPLICIT INTErER (A-21
 
20 C DEFNLE RECORO(ILOC)=(P(JoJLOC),JJJ=ILGN)
 





















































... '.. iSort? (SO$0P) *t.**4 
KITE3LI1 FUfgCTtO,4 SOROP(S) 
a C 
3 C PURPSE... V4 C TO DROP A RECORD FRO THE 'SORTED, STACK 
5 C 
6 C JSAGZ.. 




















18 90 PRINT 9uI t














a C PURPOSE... 
4 C TO AdD A ItFCORJT TO THF 'IOLD' STACK 
5 C 
6 C USAGL... 
7 C CALLED BY PROGRA% BISOPTI 
a C 
9 INCLUDE STOREStLIST 
10 IF(HTOP)55,10 







16 10 IF(C,4PARE(MHEREriRASEJ)lb,20,?0 
17 C ENTER TO BOTTOM OF STACK 







23 20 IF(C.4P.RE(IIERE-ifTOP))25,?2,2P 
24 C ENTER TO TOP 
a5 22 UP(HTOP)=WHEQE 






25 I=HTOP30 I=DO*N(l) 
32 IFCMPAREUHERE,1))30,35,35 
33 C ENTER ABOVc ELEVENT I 
34 35 J=JPI2 













... fl* bSOHT (HMHOP) *t*..i 
2U5373 IM..'hKSPACE)( 1) .IDHOP 
I 
2 c 
ITEt FUIJCTZOM HROP($) 
3 c PURPOSE... 
4 C TO OOP A RECORD FRO- THE *HOL" STACK 
5 C 
6 C JSAGL... 
7 C CALLED BY PROGRAM *BSORT' 
8 C 















18 90 PRIrir 902 
' 14 902 FORtAAT( HOLO STACK OVEROROPPPU.) 











4 C TO ADD A RECOR3 Tu THE -TO- STACK 
5 C 
6 C USAGE... 





0 C STOP IF STACK IS FULL
 
11 NTO=,4TO+1 
L2 IF(14TO.ST.LL]rO TO 90
 
13 C FIND PROPER PLACE TO INSERT RECORD 
14 CALL FINDTOCI) 





18 IF(J.LE.ITO)GO TO 18
 
19 TO{J+I)=TO(J) 
20 GO TO 18 
21 18 TO(ITO+I)=FRO)'(I) 
22 RETUdI4 
23 C ERRR....STACK OVERFLOW 
24 90 PRINT 708 






*4.00. ISO tT (Fr"oro) ** 
2Ub3?3.J1M.AOHKSPALE$( I).Fl.IDTO 
1 UJRUITI'IE FI IL)tO(I)
a c
 
3 C PUAPOSE... 
4 C SET POINTER '1TO TO POIIT riN'TO STACK WHERE 
5 C A GIVEN NLW RECORD SWVIILD OE IISERTEn 
6 C 
7 C USAGE... 


















BSORT (EPUSH) *e*** 
ZUb37SJM*,aORKSPACEs(1) EPUSH
 























OSOT CEPOP) ... t*. 
fOb373JiMssORCSPACES(I ).POP
 





























Lo 'POOR QA M 
84 
6..*.1 PROFILE 0*00.. 







b C PURPOSE... 
6 C TO UNAFOLD TIlE PATA INTO INTENSTTY VS WAVELENGTH CuRVES 
7 C 
B C USAGE... 
9 C 





13 C A PRINT AND nRITE TO OUTPUT FILE POITS FOR ALL
 
14 C MONITOR INTENSITIES (OTHERWISr IF < 50% OF THE
 
15 C POINTS ARE ACCEPTED, THF WHOLE PROFILE IS JISCARDED)
 
16 . c DISCARD POINTS 'PITH TIMrS FIR THIS NONITOR INTENSITY
 
L7 C FURTHER THAN 1.6 SItNA (DEFAULT 1.73) FhOM THE MEAN.
 
18 C THUS DELETING AVOUT 11 (DEFAULT 8%)
 
L9 C E OFLETE 10 BATA POI ITS (OVER"IrFS 'C' OPTIOi,) 
20 C L PROVIDE FJLL LISIIIJ' (OTHEJISE, OIILY A SUkA'ARY) 
21 C R REP'RT rLSOLTS FOR ALL WAVELENOTHS (EVEN IF MOST 
22 C POINITS ARE OISCArDE) 
23 C S SKIP SO"E PRJFILES
 




26 C SU'PROGRAMS PEQUIPEO...

27 C 




Jo C MAXIMUM IJUMF3ER 0i WAVELENGTHS
 
3l PARAI4ETEA LIMEXP-36 










37 DIMENSION 'JU4SH(LIt4EXP)I'JTE)(PIL IEXPLIMH) -LENGTH(LIMEXP)
 
as DIMENSIOnI GLOCK(S5) .EVt.OTE(2) 
59 EOUIVALE'ICE (INITREF.BULOCr.d1)),(TAVERfLOCK(?)).(JULOCK(3)) 
*0 INTE(bLR TEMP(20),GRP
 
41 D1E4&IO,- HEAPEQ(24) SIG(LI4EYP) 7RRORILI IEXP) ,LBEL(20) 
42 EOUIVALEJ4CE(TEMP (4)hRSHUT),(TEMP (5),AREF(I)),(TEMP (13).BREF(I))
 










48 REAL INTErS,l IT( 1)),ItTAV(LIYXP),LAODA.LENGTH,INTREF




62 INTEGER POOR, EARLY, FOUND, PCE'T
 










*t*bg& POFILE *ws t 
57 
 JArA INILE. fELr.
bd It,LA,'DA, NIOPIOFE
/ 15. *t,'EuF 1, U.n, a"b9 UAtA L15M), ALTER',PRPAOEVIOrS 
0 i 32. .85, 3*,,bi CALL LCGSNC'PROFILE 2.4j J'I

































C 4 )FIfrJ0IEGINaIo'0 ANiDEND64 10 READ(INFILEIpjREC)LAUEL

































 FOUND aEGItJoJENG 





105 PRINT 8U5 ,GROUP(L)FEGNL)
106 
 805 FORMATC' 




 GO TO 10109 25 IFV(L.fLJE.OENDL)=IVRZCZ110 
















****.s PROrILE *.*t*¢ 
114 30 LF(Gi.UP1KK).rj.F).OO TO .52 













142 806 FOUIAT0OFLES INTENSITY POINTS'/
 
123 - (VOLTS) FOUND SAD-) 
1,4 C PRODUCE tJEw'FILE FOR EACU LINE PRESENT 
145 O0 100 K=1,KLIM 
126 C INITIALIZE THE FILE 
127 J5 KK:KK+1 
128 IF(KK.GT.KLIM)GO TO 190 
129 IF(GROUP(KK).EQ. *)GO TO 35 






1J4 IF(Ja-JAtI.GT.CSIZE)30 To 190 











145 IF(.140T.THEORT)GO TO 40
 




148 C START NEXT 'IONITOR SIGNAL LEVEL 
149 40 INTREF=ALTER.II)TREF 
150 TRY=TRY+1 
151 IF(TRY.GT.20)rO TO 97
 




154 IFCTESNO('WA'1TE0?rQ,$97))G0 TO 41
 
155 NT=O 

























,..*,. PrOXIS o** 
171 L F 4 'ILA.,, ,AIJAFAiO 1VIATIO- OF TIML!, FOI. TIil%
 
172 C 'tO.ITOQ ItTEr.SITy.
 
113 If tN.GT.L)O TO 44
 












1d3 42 CONTIItU 
18' GO TO 5O 
id5 RECORD TI'ES FOD ALL 'IOFITOR SIGNALS NOT USED 
Lao FOR THIS POFrLF 
167 44 00 4h L=REFEIn.PEFI,-I 
188 CLL LOOAUP(LOCATE(L+I-RLF1I.ILIST,$S4) 
189 READ(IIRFILE-L)TE'P
 







194 45 CONTI JUE
 




















205 C GFT ANOTHER CiUVS U,,LESS WE'RE AT THL END OF THE FILE 
20b 52 IF(CHEC.L5.CEJD)GO TO 54 
207 C IF WE HAVE DATA FOR THIS WAVELE'IGTH, FIND AVERAGES 
208 IF(N.GT.O)GO TO 70
 
209 C IF WE HAVE DATA FOR THIS TIME GO RECORD IT 
zia IF(J.GT.I)GO TO 81 
211 C GO TO NEXT TIME 
212 GO TO 9b
 




215 OECODE(812,LA EL)LA'iOA 
216 812 FORMTF5.1)
 
217 IF(AJS(LAMDA-LEtIITH(JJ) .LT. .021GO TO 58
 








222 C GET REFERE14CE CURVE FOR THIS SHOT
 











- -. Wi....**rPROFILE 
2.8 4O To 60 
249 59 IF(LOCATE(INPrC IREFI).LG.NSHOT)OO To 63 
230 I=IIJtfC 
231 oDo00 61 1lREC=kCFI.,EFE IC 
232 61 IF(LOCATLtINRFC+I-RFI),O.4HOTGO Tn 63 











239 C RECORD TIME AT 'EXT INTFrISITY 
240 TA=TI l (IflTrEFALTFRAtEF.BREF.$64,S64) 
241 NT=JT 1 
242 T=T+TA 
243 TS=TS+TA*TA 
244 C IF TIME FOR THIS MOIITOP INTENSITY IS MORE THAN 
245 C 1.73 COP 1.6, UNDER 'Cl nPTIOH) SIGMA FROM THE MEANI 
246 C THE MONITOR SIGYAL IS Rin AND WE DISCARD TIlS POINT. 
247 C THIS SHOULUD ASSUMI*IG A GAUSSIAN DISTRIdUTION. 
248 C DELETE AUOUT 86 (OR 11%) OF THE POINTS. 
249 64 TA=TI.tINTREF,AREFbRF 66,Sl93)
 






253 IF(.NOT.EVERY)GO TO b2
 
2b% C FOUHD ONE MORE CURVE FOP THIS LEVEL..RECORU 
255 65 N=14+1 






240 GO TO b
 
261 C IHTEISITY IS OUT OF RANGE OF MONITOR VALUES 
2c2 66 OUT=OUT*1 
2o3 TAG(J.NF):= 90 
2a4 GO TO 69 






2o8 GO TO 69
 
2o9 C TI'IF IS TOU LATE FOR SIrs IAL CURVE 
270 ,oLATE=LArE+1 
211 TAGJ,NF)=:L' 




274 GO TO 52
 
275 C FOUflD ALL DATA FOR ONE WAVELENGTH... 
276 C CALCULATE AVERASE INTENSITY 
277 70 RETU,I=.FALSE. 
278 71 1N1=O 
279 SUM=u 
280 SUMS=O.O 
281 DO 72 I=1N 




*.t,.. 'kOFTLE *.** * 
265 SUI'S.SSU Is3.rTII,.z fIII 
2a6 I. jrEA- (JjN) ItiNr4 I) 




290 73 Zr TAV(J)=SU.t/JN 
a9L SIG(J)=(SUMSO-SUM.INTAV(J))/--1)
 
292 C DISCARD POINTS ONLY ONCF
 
293 IFCRLTU1)GO TO 76
 
294 C THR11 OUT ALL POINTS FURTHER AWAY THAN 1.8 SIGMA 
295 C THIS SIIOULO DELETE ABOUT 6% oF THE POINTS. 
296 00 74 I=,N
 
297 IF(SKLP(I))GO TO 74 




302 IFLEVLRY)GO TO 74 
303 RErURN=.TRUE. 
304 SKIP(I)=.TRUE. 
30b 74 CO4TIIUE 
306 C RECALCULAT, MEANJ a STANDARD DEVIATION IF 
3U7 C WFIVE THROwN OUT A.0 IGPr POINTS 
308 IFCRETURJ)6O TO 7t 
309 GO TO 7. 





















321 80 FOUND=rOrUrD+N 
322 IF(CREC.GT.CEJD)G0 TO 81 
323 IF(JLE.LINLXb)GO TO 96
 
324 J=J-1 
325 PRINT 9bOJ 
326 980 FORHtAT 0*.. * MORE THAN'u,14r' IAVELE'iGrHS, REST OISCAROLO .***%'3 
327 C
 
328 C DO1T dOTHER RErORDING OP PRINTING IF MORE 
329 C THAN 40 OF TPE POIl-TS WFRE THNOWN OUT 
330 81 FOUtD=FOUIJOD4lO,13+POOR+OuT+FAPLY+LATE 




334 IFCALL)GO TO 82 
335 IF(PCENT .GT. 401GO TO 92 
3J6 c IF WAVELENtTH IS IN4uV OIVxfE PY TWO 
337 TO COMPENSATE FOR ICORARCT MCPHEARSON SCALE 
348 82 IFILENGTH(1) .GT. 3300.)60 TO 86 




341 86 IF(PRZNTIGO TO 87
 
90 
6*#0*6 PROFILE S...., 
342 PRINT 813,PFTLETILEInTaREFFUUND,PCCNT

343 13 FORMAT(IX.I2.13.Fa.3.19,I5.1IW) 
344 GO TO 91 
345 C PRINT PROFILE IF REOUESTD TO 
3*6 57 LINES=LIlICS+J,17 
347 IF(IhEAO.LT.0)GO TO 88 
348 IF(LIIlES.LT.57)GO TO 89 
349 88 PRINT 814,HEAnER 
550 814 FORMAT(HI.12A6/IH .12A) 
351 LINES.J*19
 




3b4 815 F.)RHAT(1X//' TIME :',F6..3' +-'.F9.3,' MSEC MONITOR :',
 
355 - F6.,0*V FILES',I3,' 4*13//
 
356 - TIfn,13. POIJTS FOIIND'/
 
351 - T1 I30'H.nO 0 VONITOP SIGNALS (N)1/
 
358 - T1O,13.' HAU POOR MONITOR SIGNALS (P)',2A6/
 
359 - T1O.T3.' OUT OF MOPJITOR RANC(E O)/
 
3oO - Ti0,13t. TIES TOO EARLY (E)I/
 
3Sl - Tln,3. TIlES TOO LATr (L)'/
 
3*2 - T10.13, SIGNALS TOO FAR FROM MEAN (B)'2A6/
 




365 Si6 FORMAT(' UAVELENJGTH IITE'ISITY ERROR',TSO.'POINTS FOUJDV/
 












372 aiR FORMAT(FIO.2,C9.50t +-',F7.,Fb.OT35,H%.
 
373 - 2X.1O(I9,eA,AII) 
374 AVER=AVERRIFLOAT(J)
375 PRINT 821.AVEIl 
376 821 FORAT(TI17.AVEPAGE SIG;A',F6.GT35,lH%) 
377 C 
X78 C WRITE I'4FOKpATION TO FILFS 
379 91 IF(J.LE.29)LENGTI(J+1)=O. 
3dO WRITECPFILE*PPEC)I'JTREFLuIJGTH, I'JTAVSIG 
361 IF(THEORY) WRITE(TFILEITtC) RLOCK, IU IS'I-LENGTH, INTEXP 
382 GO TU 96 
383 C 
384 C REPORT ONE PROFILE DISCARDE) 
385 92 NOPROF=NOPROF+
 
3B6 IF(C.UOT.PRINT)GO TO 96
 
387 C GO TO 1'EXT PAGE IF THIS PAGE HAS A PROFILE ALREADY 
388 IF(IHEAD.GT.0)PRINT 814 
389 PRINT 84, I'TREF.PCENT NO10OPOOR,OUT, rARLY,LATEBAO 
390 825 FORMATC' MONITOR =,'FS.n,I5. DISCARDFD:', 
391 z4,-*N . P.,14,' 0O'140 E.,140 L'.14,' 8-) 
392 IIlEA=-1 
393 GO TO 96
 
394 C 
395 C REPORT ERRORS OCCUOING WITHIN MAJOR LOOP 
396 C 
397 180 PRINT 9UIGROIP(KK)JA.Jb.CFILE.CSI7E 
398 901 FORMATC' GROUP: 1.150 USES RFCORDS*.14.' THROUGH'.14, 
91 
399 - ...TOO rANT FOR FILr',I4/ 
400 1 WHICH HOLJS,14.' RECOPOIs) 
'401 80 TO 97 
4V2 192 PKINJT 9U2, INTREF
 
403 902 FORMAT( MICIITOR l,,F5.3,9o: TOO FEW VALID MONITOR SIGNALb)
 
4U4 30 TO 40 
405 193 IINHEC-1 
40b PRINT 903.1.[TEAF)IIH),(TEMP(I),I;1.7,P),(TLIP(I) .12,8,2) 
407 903 FORMAT(f INVALID DATA IN PECOPD.,13.,1 GROUP *,2A6,'# SCALEIF6.3. 
4d8 1, SiiOT*ti,/ 
409 - X,bFd51l ,8F .53) 
410 194 FOUNO:FOUND+tNOMONPOOR+OUT+EARLYLATE 
411 195 PRINT 904,J,LFNrtHIJ),NTA(J).N,JN
 
412 904 FORNAT(U ERROR 04 POIT',.3.' (,F8.2.t'...AV INTENS=,FB.5/
 
413 ' FOUN',)I3.' POINTS, USING THF FOLLOWING'I13,1H')
 
1£4 PRINT S18,LEIcTlI(J),ItrA(J),SIG(J),EOOOR(J), 
4ib - (SHOT(J.II),TAG(JI±),TI=ItNF)
416 PRINT 90b 
417 905 FORMAT(lX/ PREVInUS POIijTS... )
 










424 906 FOR.'AT(' >-,13,' CURVES FOUND FOR POI'JT',I3,
 
424 ' OF PROFILE ... AV ItjTE'4SITY =',F8.S/

42S - - INCLUDNr THESE:',IO(I5.1XAI)) 
4c6 60 TO 97 
427 C 
428 C TRY TO FINU 10 PROFILFS IN ALL 
429 96 IF(PREC.LT.13 .AND. (PCENT.LT.40 .OR. PREC.LT.4)hGO TO 40
 
4.50 bO TO 97 
431 C 








437 830 FORMAT(TI ,.TOTALOF',14,' PROFILES E'ITERD ArDI3, JISCAROf')
 











444 C REPORT ERRORS OCCURTrJG REFORE t'AJOR LOOP 
445 C 
446 190 PRINT 910
 
447 910 FOR'AT(' NO CURVES FOUfp FOR NAItI SIGNAL') 
448 STOP 
4 9 191 PRINT 911 
450 911 FORMAT(' NO CURVES FOUND FOR REFERENCE SIGNAL') 
451 STOP 
452 197 PRINT 917,L,(GROUPI)'I=rL).CP 
453 917 FORM.T( M4ORE THAI-,13.' GROUPS FOUND''/ 




























10 C TIM RO CALCULATrD TIME 
IL C I'JT R.I GIVtN INTENSITY 
12 C A Rl ARRAY OF INrES 
13 C B R.? ARRAY OF CORRESPOtIDIriG Ir,TENSITIES 
14 C 180 S.I EXIT USEq IF DrSTRED INTFNSITY IS OUTSIrr THE 
1- C RANGE OF THE INTE"SITIES IN ARRAY B 
lb C $90 S.1 EXIT USED IF GIVF4 DATA IS INVALID 

















27 00 10 1=2.8
 


















..... PkOFILE (tNTriJS) *.. 
2ub734ih...O,,(bpACEs (l) INTLr.S 


















to C TIME RI GIVtN TIME
 
It c A R.I SA'PLE TW'ES 
12 C B R.1 SAMPLES (INJTENSITIES) 
'13 C Sa S.o ERRUR EXIT TAKEN IF GIVEN TIME TOO EARLY 
14 C $90 S.0 ERROR EXIT TAKE14 IF GIVEN TINE TOO LATE 
15 C 
16 C METHOD... 
17 C LINEAP INTERPOLATION 
L8 C 
L9 DI'IE'SION A(8'1(8) 
40 IFITL E.LT.AI))kETURr 4
 
21 IF (TII'E.fGT.A(fl) )nTUR i 5
 
22 DC it I=2.8
 




Z5 12 IF(AtII.:E.AI-I)GO TO 15
 












ORIGINAI PAGI IS 
OF POOR QUAl 
94 
... *.. I1OFILE (LOOKUP) flt.. 
4Ub373IM*.ORNSI ACEICI) .LO0KUP 
I sUHAO'u riNC LOOKUP(JU4*ER,R 1,LIS1 S 
2 C 
3 C HAME... 














12 C CALL EHPTY (LIST) HARK LIST AS EMPTY
 
1.5 C 
14 C LIST I1O WORK ARRAY (SAVED 6ETWEEN CALLS) 
Is C LIST(1) SHOULD BE SET TO THE LENGTH OF THE 
Ib C ARRY. 
17 C 
18 C CALL ENTER (NUVSEHLIST.S) ADP NUMBER TO LIST 
19 C 
4O C NU,4ER I! 'UlIbER TO BE AnDFn 
21 C S St THIS PETU4N TAKE-? IF LIST IS ALREADY FULL 
Z2 C 
23 C CALL LOOKUP (NUMBR,ILIST.$) SEARCH FOR NUMBER 114LIST 
1!4 C 
Z5 C NUMdER I, NUMjER TO 1E FOUND 
26 C 1 1,0 RELATIVE LOCATION IN LIST, IF FOUND 
27 C ZERU. IF NOT FOUND 
28 C $ S.! THIS RETURN IS TAUEN IF rJUlbER IS FOUND 
29 C (OTmERWISE, uORMAL RETUPN) 
40 C 





.54 DO 20 I=3,LISTC2) 
























*4tt PROFILC (YE!,0) ****s 
U')371j3MAUkHKHPALC$I 1) .Ytb jO 
1 NAh ... 
2 YCSN,3 
4 PURPOSE... 
5 TO GFT A YES OR NO AhSWR TO A QUFSTION FOR 












14 IF(YESNO('SHALL I SKIP OPTIONAL PART10',S90))GO TO 40 
15 20 CONT!NIIC 
17 




21 IF(YEStIO(S'IALL I PEPEAT OPTINAL PART?rG)IGO TO 20
 









47 THE OUESTION MUST EtJmWITH THF STOP CHARACTER Q (WHICH 
a ISN't PRINTED), OR THE QUESTI'N ILL OE FOLLOWEu BY A 
29 WHOLE STPING OF TRASH. AriD THF PPO'RAM lAY BLOd UP. THE 
0 GUESTIOd WILL RE. PPINITCO, AND THE TELETYPE oILL WAIT ON 
31 THE SA4E LIIC FOR THE USCR TO TYPE HIS ANSWER. THAT 
12 ANSWER AAY START IN ANY COLU"N A'ID CONSIST OF AIY NOPMAL 
33 AFFIRMATIVE OR NEGATIVE 'ORD (I.E., ANY ONE I COULD THI,K 
34 OF VHEJ I WROTE IT).THE USER 'AY SUPPLY AN LEOF RETURN 
is ADDRFSS AS THE SECOlO ARGUrIENT, PUT THIS IS OPTIONAL 
36 (TilE PPOGRA4 bILL FIl IT'S WAY DACV EITHER IAY). 
37 0 




40 ERPOR COtDITIUIS... 
42 IF THE USER'S A1iSWER IS A RLANK LINF OR A CHARALTER 
43 STRIIlG THE PROGRAV OOESN'T RECOG'IZE (IT CAN BE FOOLED) 
44 IT TOIES AGAIN, PRINTING OHLY -H1AT?'. IT WILL kEPEAT THE 
45 ORIGINAL QUESTION O'VE TIrE IN FOUR. 
46 
47 IF THE RFSPO.JSE IS PEOF, THE PROGRAM USES THE ALTERNATE 
48 RETURN ADDRE5S. IF SUPPLIED. THIS CAN BE USED, FOR 
49 INSTANCE, TO TER4INATE THE PROGRAM OR RE-ASK A 
bO PREVIOUS QUESTION (TlIS JAY YOU DONT HAVE TO RE-RUN THt 
51 WHOLE PsOGRA4), IF THE AISAEP IS ANY OTHER CHARACTER 
52 STRING BEGINNING WITH Q THE SYSTEM THINKS THE PROGRAM 
53 IS TRYING TO READ A CONTPOL CARD. AND ALLOWS NO FURTHER 
54 READS. IN THIS CASE, OR IF QEOF IS EN4COUNTERED AND NO 
55 QEOP RETURN ADDRESS HAS REEN SUPPLIED. TIlE PROGRAM PRINTS 
56 A SHORT IAESSAGE AND FXITS.
 
96 
***,* 1ROPILE (YESIO) *..... 
=7 / 
58 $(0) LIT 
b9 5(1) AXRS 
60 JLShO. S XIIPETURIH 
bi OS AI.SAVF 
b - Oh A3,SAVE'3 
65 SrI R1.SAVFRI 
64 S4 RI4.SAVERI. 
65 ESDIT PACKFT . 
fb LX XII.RETURN 





AO,0742000 *COPARE tO JURP INSTRUCTION 
AO.PRkSENT THIS INDICATES PRESENCE OF ZEOF ADDRrSS 
70 L AOO.XII GET ADDRESS oF USrRIS OUESTION 
71 LrJ XIIVEMSGS AtD INSERT IT INTO PrINT LINE 
72 LM4J X1tEDITXS *END fUIT MODF 8 RESTOPE REGISTEHS 
73 LIU A43 ItNITliLIJE QUERY COUNTER 
74 ASK LU AOREAPPKT 
75 READ LiU AI.RLAIKS FILL 141.JT L1E WITH SLANKS 50 TIlE 

















AO,4 * IS RE'LY ACTUALLY III'It4OR* FORMAT? 
AO.EXA'tINE * REPLY IS PRESFNT 
d3 LA AORFAPPKT*I * INPUT IS IN 3INFORI FORMAT ...REREAD 
dc £C READS 
ds EXAII14E LX lU A2,0 * INITIALIZE INnEX REGISTERS 







AO.INPUT * TO SEARCHING FOR A MATCHING ORD 
A3.5 * OS IS A qLANK 
MATCH . 
90 LusU Rild" * OK...WE'LL HAVE TO DO IT THE LONG WAY 





AIINPIIT,*A2 * FINn FItST WORD NOT ENTIRELY BLANKS







AO,INPtLT-1,A2 I GET THAT FIRST NOl-3LAJK CHARACTER 
A3,5 . FIGURE OUT WHICH CHARACTER IT IS 
A,(OT70 0 0 0 0uOO) . IAqK 01T LAST 1 CHARACTE&S 
97 TE AI,(OUSOOOOOOuOO0) * IS IT A BLANK' 
98 1 LOAD i0.* ..GO LOOK FOR A VATCHING ORL, 
99 LSSL AO.6 * YES.*. TRY NEXT CHARACTER 





AO,.IJPIJT-I.A2 I GET THE RESSAGE 













AGAIN NO MATCH..* ASK AGAIm 
107 L AOA2 FOUND A ':ATCH.. .GET IOEX 
10s L$SL AO,35 LAST dIT IS I IF 'YES-, 0 IF 'NO, 
lU9 SSL AO,35 (SINCE A2 HAS BEEN INCREMENTED) 






2.XI1 * RFTURtJ TO CALL42 IF riO QEOF AOOR SUPPLIED 
1L3 4 3.XI1 , RETURN TO CALL+3# SINCE QEOF ADOR PRESENT 
97 
*¢**. PROFILE (YESl3 ...t** 







SLJ RFSTOHr C j-0-FpL" RFTULJ...RELOAo REGSTERST,,iZ pRrSENT . R:T'P O.ILY IV wOF flDDH SUPr'FLtv)1.20 4!' AO,*teXlt . PETLiQN TO QEAF Arn~rFSS121 L. AO.(PF 1PTCI4TPRTLIf'Z.) .122 CN PRINTS * NoHn-EOF CONTROL CARD ENCOUNTEREL...
123 ER EXIT , .4E'RE FoqCFo TO GUT
124 RESTORE RElL I "ROUTI'JE FOR RESTORING REGISTCRS 
125 




















1-4 RETURN + 0
 
1 5 SAVE RES 2
136 SAVE3 RLS 2
 
1.17 SAVERI RES I
 
138 SAV:RI4 A.S I
 
149 PRESE1IT 1 -1
140 PACKET EPKT 24,LI'JE 14SG*,'V * IF THE IISER FObGETS THE STOP141 * CHARACTER, A n IS TIE CHARACTER MOST
142 *LIKELY TO BE FOUND BY ACCIDENT.143 PRTLINE 









148 LIHE RES 24 .149 
 AGAINPKT PF 1,IQUESTIO.
150 
 + EOF. tiPUT
 
i51 QUESTION AIAT?, .
 
152 INPUT RES 14
153 ULA.K * 
. Till' EtIS'JPES THE SEC 'Jn nORD LOOED ,AS15'4 * 












TABLE -YES, . EVEN RELATIVE LOCATIONS rOR 'YES-,





 'OUt . 






OF JPR UAMY 
98 


























S-TABLE * TfE ULIMSER OF WORDS 1N TIlE TAULt 
rJ.EJCT 
99 
.fl,.. VPLOT *-*t.. 










6 C TO PRODUCE A PaINTER-PLOT OF THE EXPERIMENTAL LINL PROFILE
 








Ll C OXOT .VPLOT OR J.VPLlT
 
12 C <FILE it> (FREE) NUIBER OF 1ST FILE TO PLOT
 








L7 C T PLOT IS TO RE ON A TEM?IAL, SO IT USES ONLY
 






21 C UATA FILE AS PPODUCED fY PPOGRAM 'PROFILE'
 
2 c 




26 PARAMETER LIrEXP=36 
27 LObICAL OPTqIATCli 
28 REAL LaT 0JLrNGTH ,INTAV.ItAXINCR.NL 
29 DIMEtSION LIE(XO5) HEADER(24) .LENGTHCLIMEX), INTAV(LIMEXP).









35 C FIND FILE AND READ FILE HEADER
 
36 5 NFILE=NUIER(-FILF 1UbC.l9'v7.29,Sq9)

37 DEFIrJC FILE IFILE(14.1 3*LIMEXPUZlOEC) 
38 REAO(,JFILE't1EADFR 











Co READ A PROFILE
 




49 10 PRINT 805.L
 










55 IF(INTMON.EO.EI)GO TO 10
 














I62 IF(0.E.2)NLZAPItI (JLLEGTI4 i)-LE%STlI(- -1) 
03 ItAXAAAXIt IAX. INTAVJ)0+SX G(&))
 









 NL IS NOd THE SCALE IN PRINT LINES PER ANGSTROM
 
09 TOTAL:!JL* (LEPUTH (N)-LEN.GTH (I))
 












76 GO TO 20
 






80 60 TO 25
 
al 30 IF(IAX*POER.LE.2)GO To 3.
 
$2 IF(IMAX*POWER.LE.S.)GO TO 34
 
83 1T=10 








88 C PRINT GRAPH HEArER
 
89 40 PRINT dIt,hE4OER!INTMON..tFILE
 








94 C PRINT TOP UORDER
 
95 DO 42 I=1.ICOL
 
= '­


















105 C INSERT tEEbEO BLANK LINFS 
106 DO 60 I=I.N 
107 IF(SIG(I) eLT. 0.0)60 TO 60 
108 LINES=IFIX(L(LEGTH(I)-PREV)+.5) 
109 PREVZLeNGTH(I) 
110 IF(LIhES.GT.25)GO TO 50 













114 812 Or AT( 


































129 815 FORMATC1XF7.%,' +-',F7, ,F9.2,1O1At)
 
130 























 00 66 I=IICOL
 

































155 GO TO 8
 
156 70 PRI4T 81(LI'E(J),J=:,ICOL)
 









161 115 PRItNT 915, TOTAL
 
I5 TOO LONGL )
ORAPH LENGTH OF.',F6.o' LIr1ES 














10t3 73",t .. ORKSIACEs(I) .THEORY 
I C 
2 C NAME... 
3 C THEORY 
4 C 







TO FI'D THF VALUES OF THE PARAMETERS (LINE POSITION. 
LINE INTENSITY, LINE WIUTH OR ELECTRON DENSITY Alho 
BACKGROUND INTENSITY) WHICH REST FIT TF'E THEORETICAL 














lb C out DELETE SOMEk POI4TS 
17 C IN' PRODUCE PLOTS NOW 
18 C OT- PRODUCE FILES FOR PLOTS LATER 
19 C (FEATURE UTESTEO) 
10 C S. SKIP SO'E PROFILES 
21 C ty' PRINT DIAGNOSTIC INFO FOR EVERY POINT REOUESTED 
42 C BY 'ZXPOILO 
23 C i' PRINT DIAGNOSTIC INFO EVERY TIMF -ZXPOwL­
14 C CHANGES SEARCH DIRECTIO 
2b C 





CARD i:ZFREE) INPUT FILE '"'WflE' 





CARD 3:(FRFE) 4AVELENGTHS TO DFLETE (OPLY WITH ID' OPTION) 





I HE 1I 4686 (DENSITY l.E17) 
2 HE 1I 1640 
33 C 3 HE II 1215 
34 C 4 HE 1I 1025 
.b 
36 











(ONLY 4ITH 'S' OPTION) 
CARD 6.(FREE) 'YES' IF PLOT nESIRED, 't'O IF NOT (ONLY WITH -'t OPTIO1I) 
(REPEAT CARDS 5 a 6 FOa RE-AINItG PROFILLS AS NEEDED) 






FETCHS ORTAINS TIlE 'bOR ,tLIZED LTNE PROFILE AND THEORETICAL 





ZXPOWL (FROM 14SL) GENEPAL FUNCTION MINIMIZER, USLD TO 
FID THE NlOtLINEAR PARAP'ETERS WHICH MINIMIZE THE SUM 
48 C OF THE SQUARES O THE DEVIATIONS OF THE EXPERIMENTAL 
49 C POINTS FROM THE THEORETIrAL PROFILE 





CURRENT PAkAMETFRS, A'ID OBTAINS THE MEAN SQUARE
DEVIATION OF THE DATA FROM THE NEW PROFILE. 
53 C FUNCT2 FINDS THE CORRELATION MATRIX OF THE BEST-FIT 
54 C PARAMETERS, USING THE SECOND PARTIAL DERIVATIVES 
55 C OF THE ERPOR FUNCTION. 
56 c TPLOT PLOTS THE EXPERIVENTAL DATA AND THEORETICAL PROFILE 
103 
b7 C US|I u riE vFF-LI IE PLOTTrA. 







62 C I"SL ROUTINF -ZXPQJL' lIDIS Til MItNIMUM OF THf ERHOR 
b3 C FUNCTION (TILE SUM OF THE SQUARS OF THF DEVIATIONs OF THE
 
64 C FITTED FUICTIO'I FHO4 THE DATA PnINTS) AS A FUIJCTIONj OF
 
65 C ITS TaO J I-LIIIEA PARAA'ETERS. THE COVARIANCE MATRIX I
 
66 C COMPUT :D AS THE IiaVERSE OF THE MATnIK OF SLCOND PARTIAL
 







71 COMMON /F3CON/ ARC2(2
 












7a DATA EST. CLOSFICLOS.R, EID, FPSNE, EPSI.OUTFMT, TFiT
 






6 2 DATA (LABELCI),I=I,IO)/'HE II %',4686 ',-HE II '.'1640 *,
 




b5 CALL dEGIN('TIIEORY 1.74 e')
 








90 C SET UP PARA*ETERS
 
91 10 IF(LIf4EP*NE.O)PRI4T 820
 
92 DFILC=tU'IBER (-IflPliT FILEQ,,7,29,$96)
 
93 OErI'd; FILE OFILE(13,ISI/E,i,nHEC)
 
94 IF(OUT)OUTFIL=NU' qR('OUT0 UT FILEln-,7,29Sq6)
 








99 000 FORAAT[' ENTER WAVELE GThS TO DELETE')
 
100 REAOo,dlO, END=13) (BAOrsdAO) ,'bAD=I,25) 
101. BID FORMAr(l 
102 NBAD=26 
103 13 NDAD=I.BAD-1 
104 IFC(fBAD.EO.O)(EEP=.TRUE. 
105 15 CALL FETCHS(APGOIALIIJE) 
106 READ(DFILE)IIFT°-HEADEA 









Ila C READ DATA FOR FXT MONIITOR INTFNSITY
 
113 20 READ IDFILE'DREC )BLOCK,NSHOT.LEIGTH,INTEXP
 
104 
*,*.Oo THEORY . ,
 
L14 ,IARb=NA 





118 IFtINT40Nr.EO.FND)rO TO 10
 


















128 IFCN.J.GE.NU2)GO TO 49 
129 00 4 0 InI='BAD 
13U IF(AUS(LENGTH(NU1)-BA(I)l.LT. .001)GO TO 38 
131 40 CONTINUE 
132 42 NU2=,4U2-1 
133 IF(NOI.oE.4U2)GO TO 40 
1.54 DO 44 I=INBAV 
135 IF(ALSCLENGTII(NU2)-BAD(Z)).LT. .001)60 TO 45 
136 44 COtTINUE 
137 Go TO 42 
13a 45 IIOLD=LEa4GTHCN-II) 
139 LENGTH (,Ul) --LEl4GTH (N'MJZ 
140 LENGTH(NU ) =HOLD 
141 N=MAXO (NSrIOT(IJUI) ,NSHOT(NU2)) 
142 00 48 KSHOT=IN 










149 Go TO 3d 
1z0 49 NU2:NU 
151 C PRINT LABELI'IG INFORMATION 
152 50 TOTAL=O 
1 3 BOTT MIZLENGTH(Nil) 
154 TOP=LLNGTH(NTUl) 
155 AVG=Z. 





161 00 51 KSHOT=ItN 
162 51 AVG=AVG+I1JTEXPCKUKSHOT) 
103 AVG=AVG/TOTAL 
164 IF(AVG.LT.1.E-5)GO TO 95 
lb5 LIIJEP'LIrJEP+13 
1u6 IFILIrEP.LT.57-3)GO TO 53 
167 PRINT 820,hEAOER 
168 LINEP:15 
169 53 PRINT 830,TAVERINTMON.TOTALROTTOI ,TOP 
170 830 FORHAT(IX/I TIME:IF6.3s, MONITOR:..F6.4/
 
105 
171 - IXD13-* 'O.,*IS, tAvELEG1HS:,FP.2,l TOCFd.21 
172 IF(ALL)GO TO S5 
173 IF(Yt 40llFZT-L.l,96))GO TO 55 
t74 LINEP:LI'JEP-II 
175 60 TO 20 
176 C CHECK THAT TIE SYSTEM ISN'T OEGENERATE 
177 55 I=NU2-NUI.1 
178 IF(I.LE.IARG*21O0 TO 93 
179 C SET UP FOR SOLUTION 
IaO REVAL=O 










L88 C HAVE MINIMUM FOUND (USING ROUTIflE FROM Ir4SL) 
169 CALL ZXPOlL(FklNCT3CLOSE.NA,,ARGVALULIMIT. H, IER) 
190 IF(JPT(''))PPr'i1 760,ARC(13,ARG(2).VALUEIEQ
 




193 C IF ELECTROi DENSITY CHANGED MUCH, REPEAT SOLUTION
 






19$ PRINT 838.ITF.AI 
±99 A38 FONMAT( DENSITY DID4'T CONVERGE AFTER'I,4.' ITERATIONS, HAVE"' 
200 - 1PEZ1.3)
201 C 














209 C UPDPTE ESTIMATE OF 'UII"'JM VALUE 
210 EST=VALUE 
211 C FIl1)ERRORS IN CALCULATrO PlPAPIETERS 
212 CALL FUNCT2 
213 C 
214 C PRINT RESULTS 
215 C 
216 PRINT 8'O.ITEOIIEVALIERHVIDTHFPVALIIE 
217 040 FORMATC • ITERATIO SV.•IS, EVALUATI'JS.',I7, ERROR CODE:.•14/ 
218 - - HALF WIrTH:'F5.2,' FIELD STRE'EGT:.F5.,* SIGMA:.F9.,) 




221 845 FORNAT(1HO.T13,'BrST FIT VALUS.,T40,CORRELATION MATRIXI/
 












OR POORRlGZA~lPAGE1QU T 
106 
*fltt rlfaO Y *$$*.* 
228 PR,71iIf "T1*()Z~(O {p)II 
249 137 FORIAT(Tt3,'ItTF4,ITY=:%t7.4, +-*,FO.4.1,,"',T47t3Fb23
2.30 U'I PLEJT(EI'l/I,.T(2))
 
2.51 PRIN? C461tNT(2) rE(Z)'ID (COVANC1,4),I=1,W)
 










237 850 FORrIAT(ItlOT13,LIrtIE:CONT:.,F7.2* +-.F6.2,I6.'A')
 
2.58 C IF LINE IS HE II 4686. FIND a PRINT TEMPERATURE
 










244 C WRITE RESULTS TO FILE IF DESIRED
 




247 C PLOT NIO IF DESIRED 














2!5 GO TO 20
 






259 902 FOR4AT(' LIE CENTER OF.F9.2,' TOO FAR FROM EXP RANGEI'F9.2,
 
2O - 1 TOIF9.2)

261 69 TO o
 
2m2 93 PRINT 903,1
 
263 903 FORMAV(T6,CO-ILY1.I2 POINTS PRESENT)')
 
204 GO TO 9b
 
2o5 94 PRINT 904
(










271 PlaINT 84bLAIIEL(2$LIN:S-1).LAEL(2.LINES),A.SVINT(1),S 
272 GO TO 2U 
273 95 PRINT 905,AVG 
274 905 FORMAT(- (SIGNALS AVERAGE ONLY'.E13.61)f')
 
275 GO TO 20
 




278 97 PRINT 907,NF T,TFMT
 







!Ub3,JI .*,nOAKSI %CzC(13.D3A,.N 
I DBAhA PI1 OC 
2 C 
3 C PAOCEZJRE KA'Vt... 
4 C D[IAOlK 
5 C 
b C PURPOSE... 
7 C TO TATiSNIT TIERr.TICAL, EXPERT'IE4TAL, ArIb CALCULATED 





















































7 C TO COMMUNICATE PARA'IETEP ERROR ESTIMATES­
8 c
 

























ORJINqp4 PArg ISl 
OF Poop QUAUWfl 
108 
t$*$ Is*-,*oHEvRY (rr'T061 
{1i .FLItCHS2USA73,aL•* ,*).',,&A(.Lt
1 SUAROUTIJE FFTCHS(ARC, lAAG,LI*IES) 
2 C 
3 C NAME... 
4 c. FLTCHS 
b C 
6 C PURPOSE... 





COPRESPONDYNG rHEORETICAL PROFILE, AND INITIALIZE THE 
NONLLIrAO PARA'ETc.fS. 
10 C 
11 C CALLIr.G SEQUENCE... 
12 C 
13 C CALL FETCHS (ARG.NARG.LINES] 
14 C 
15 C AUG ReO ARRAY nF I4OJLINEAR PAPAVETERS 





ARG(2) IS THE PISTANCE FROM THEORETICAL 














21 C 1 hE II 46q6 (DFNSITY j.E17) 
22 C 2 HE 11 1640 
.3 C 3 HE II 1215 
24 C 4 HE II 1025 
?5 C 5 HE II 4686 (fENSITY I.ELB) 
26 C 
27 C VARIABLES In BLA4J COMMON: 
ea C NARG IO 9 NONLINEAR ARSU'AENTS 
29 C NSIJS2 
Jo C I, U ENTRIES 1.4 ARRAYS ALPkII, SALPII. AND 
-ii C ALPM2, SALPH2, RESPECTIVFLY 
32 C (PP.SET oOSITIONS) 
33 C HHW RiO HALF FIALC WIDTH OF IJSTRUMEI T FUlICTION 
34 C BASE ReQ THEURETICAL LINE CENTER MINUS 10 ANGSTROMS 
.35 C ALPH1,SALPH1 
36 C ReO ARRYS OF VALUES OF ALPHA & S(ALPHA) 
.31 C 
.35 INCLUrE DBArJKLIST 
39 DI47,SIOi A9G(41 
40 INTE&LR STHEO 
41 LOGICAL OPT 




DEFIINE FILE STHEO(I0.2*LIS+2.,rPEC) 
READ (THEO 'I )NFtIT 
IF(NFT.NE.IFT)6GO TO 90 
46 NARG-2 




LINESN=U'AUERC 'LI(JF NU IBER'@',1 9,$30) 







IF(BASE-LT.3000)GO TO 25 
HHW=.3 
109 














64 00 PRINT 906,IIFV.TDIFMT
 








op POOR QUAWA' 
110 
*-so** ThEQ$tY (Ft JCT3) O*t-­
2US73JLA .. OkKStACE.( 1) .FU JCT3 
I FU.'CTIOI FUNCT3 (ARO) 
2 C 
3 C PURPOSE... 
4 C To fl Til ' Nl i'tJARF OCVIAT!nN IF THE DATA FROM THE 




a IrjTEu R LRHCT/O/
 














A6 IF(AbS(ARG(l)-A(1)) .LT, 1,E-7*ARG(1l)GO TO 10
 1 7 IF(Atl).LT.1. OR. A(I).GTolOn.}ERRCTZ RRCT I
 
1e C IF(ERRCT.GE.8)GO TO 90
 










-4 IF(AN LL.LE.0.)A JGLE=A'GLEtB0.
 
25 IF(OPT('Z') .AUD. ABS(A'loLE-OLJA'3).GT..4)
 
2b - PRIMT 701.AOLOVAL.OLDAl 
27 IF(OPTC'Y'))
 
1!0 F-R1 4T 701,ARrl) ,AR (2),FUNCT3,A eLE,BRIGHTBACKGO
 












5 90 PRIir 7U3
 




.38 PRIT 7'J7FAG(1).IFASEgAR{(,2).FIl,&dIliT,ACKF 
39 707 FOR4T(' 1106: LI.EI6'.IDG.3,' CF'=i',G0.3,'+',G13.6,' Fn=, 
40 - 69.3/' 'RIGfTdtCKD=',2(g9.3) 





















*.*** THFgRY (FUNCT2) .. *. 
2Ub3?jJLH.*ORISF ACE I) FUf CT2 


























is C TOTAL 1.1 9 CATA P'INTS
 
16 C EPSI RI STEP Ili AVELE14GTH
 
17 C EPSNE R.I STEP IN ELECTRON DENSITY Z ARG{1) 
i8 C FO P.O IOLTS4ARK FIELD STRL'GTH 
49 C 3ASE RI THEURETICAL LI"E CENTER MINUS 10 ANGSTROMS 
40 C 




23 C NARG I|* PULNER Or ELEIFI4tS I, APG
 
24 C ARG R,I ARRAY OF NlONLINEAR PARAMETERS
 
25 C VALUE R,1O INPUT: SU OF SQIARFS OF DEVIATIONS 
26 C FOR THE R!lST-FIT PARAMETERS. OUTPUT: SQUARE 
27 C ROOT OF SUM OF S2IiARtS. 
.B C SIG R.O ARRAY OF LAPECrED ERRORS IN THE NONLINEAR 
9 C PARMAETE 0S 
30 C iJT R,.O ARRAY OF LINEAR PARA'ETEPS
 
31 C E R.0 ARRAY 0 C EXPECTEn ER-OS OF LINrAH PARA IETErS 
32 C COVAR R.O UPPLR TRIA,NGLE IS SET TO A fCRMALIZEO 
53 C VARLA4CE-COVARIANCE "ATPIX. 
34 C RATIO R,0 LINt. TO (100 ANGSTROM) CONTINUU4 RATIO 
35 C ERATIO Rv EXPECTED ERROR Il RATIO 
36 C TEMP RO TfMPrEAT'JE FRO14 THE LIIF:CONTIIIUUM RATI1 






43 c THE VARIAfICE-COVARIANCE MATRIX IS NDqIALIZED tY DIVIDING 
44 C EACH ROW AND EACH COLU'AN BY THE SQUARE POOT OF THL ORIGINAL 
45 C OIAGONAL ELEMENT. THF CALCULATIONS OF FRATIO AND ETEMP MAKE 
46 C USE OF THE APPROXIMATELY KNOWN COVARIANCE MATRIX LLEMENTS. 
4? C THE TEMPERATURE IS FOUIU USING THE THEOPETICAL RESULTS OF 
4e C DELCROIX AND VOLONITE. 
49 C
 





















08 REAL I1T 
*9 ItCLU[E JiA,'(,LIST 
60 INCLUDE GROUP.LIST
 
*I C GET THE FI.AL VALUES nF THE SUV OF SQUARES S EA4OR 











































































101 ARGUN (1) =ARG( 1)-_trPS*jE 
102 CALL lE.T(ARGITM.NPRG) 
1U3 S=SIZGMA(ARGlJ-' ) 





107 702 FORMAT ***** LEAST SQUARE SOLUTION NOT FOUND...NEARBY VALUES',
 
108 - FOLLOW *t***) 











1L4 CZVA C1,4)zisrD'-%FD/-EPSI 
1I" CUVAlI( .4j(SF2-4F)/I0Si 
IL6 L COAR(3,3), COVAUI304I, 4ND COVAR(4,4) ARE SET nY 
117 C PROGRAM *r.LdU* 
1183 C 
119 C ItJ~rRT TO FI14 THE VARIA-ICE-COVARIANCE kATKIX00 1 5 J 1,4l l!D 

121 15 IF(OPT(0G'))PRI't 7t5,ECUVAR(IJ)tI=I.J) 
122 715 FCRNAT(IX,4G13.6 
13 CALL 5YMItIV(COVAR.4.f,0, 60) 
124 0O In .=1,4 
15 18 IFOPTC9O*3)PqINr 715,rCOVAR(IJ).I=I.J) 
12b DO 20 J=1.4 
147 00 20 1ilJ 
126 20 COVAR(I.J)=COVAR(I,J)*V
 
129 C RESCALE ELtCTRON DE'JSITY
AR(1)=I.Elb*ARG|I)
1O 
161 C COAQECT RFFERTNCrS TO DFNlSITY 
142 C DENSITY ACrUALLY VARIES LIKE (LINE 40DTI)**1.2 
133 R=I. 
1J4 IFtAb5(ARG(2)+BASF-4'635.75) .GT. 10.)GO TO 25 
135 R=t1.c/1.5) ( 17) ?/.5 })(AROLI)/I. .2/1o-I*
ARG( 11= .E17*( (A O (1)/ . .17)**I. 136 
137 C WE AUST RECALCULATE THE HOLTSMARK FIELD STHENGTJ 




























153 - -2.*COVAqtl.4)/(I,.T()*I'1(2)) 1)
 
154 L IF LINE IS 1FII eR49, rIND TFPFRATURE & ERROR
 























1b5 - +2..TL*TC*COVAR(3.4) )
 










q0lI1Ok' GNAV PAGRET4m is 
114 













117 00 4b K=2.NS,
 
































194 60 PRINT 908 





















7 C (0 PLOT THT EXPERJ4ENTAL DATA AND THEORETICAL UEST
 











14 C AMAX R.O LABL POO END OF Y AXIS
 
15 C BOTTO R.O LABL FOO ORIGIN OF X AXIS
 




Is C VARIABLES IN COMMON: ALVOST EVFPYTHINO 
19 C
 
zU C SUBROUTINES USED..,
 
21 C 
22 C PLOTC STANOARD PLOT SUUROUTIl!' USED TO POSITION THE PEN 
23 C NSCALE FIt4S PLOT SCALItG PARAMETERS FOR LASILY INTERPRETED 
24 C AXIS LABELS 
25 C AXISN DRAWS All AXIS 
Z6 C 'SYIIBOL' 32lAVS A 3YMROL AT THE nESIRSO POSITION 
27 C PAGEUP CO PLETES THN PLOT AND prPOSITIONS THE PEN ONTO 






31 C NOTE THAT TIlE AXES USED IN THIS ROUTIME ARE ROTATLO 90 
.32 C DEGREES CCH FRO,4 THOSE USED BY THE SYSTEM ROUTINES. THUS. 











39 DATA WIDTHHUIGHT, NY, fix
 
440 - I 8. 5.5, So IS/­
41 C
 
42 C BEST FIT CURVE +43 FIT(Z)=ItIT(1)*VALUE(OLTDELMS2Z.ZO) INT(NAG) 
444 C 
45 C FIND LARGEST & SMALLEST VALUES ALON1G EACH AXIS 











* 00 15 KU=INU 






**so*t THEv4Y (TPLUT) *.,n 
t7 00 10 KItIOT=,N
58 15 Y'IAX:AMAXIjY'IAX.1HTEXP(KU,ASHOI)
b9 C PLOT AT LEnST 4 HHW TO EACH SIDE 

















69 CALL NSCALECZERO.Y'AX.NTICY.HEIGNT,Dy 
70 DY=-I./DY 
71 C 
72 CALL PLOTC(7.5.1.0,-3) 
73 C 
74 C DRAW AXES 
75 CALL AXISN(O.,O.,tITICYHEIGHT-.1,180.) 
7u CALL AXISN(O.,G..NTICX.WIOTH,.1,9n.) 
77 C 
78 c DRAW A OOTTED LIJE FOR THE CONTINUUM LEVEL 
79 C (IF POSITIVe) 


















92 DO 30 KU=1r4U 
91 IF(KU.EQ.hU)'4SYMP=O
 






97 UO 25 KSHOT=1.N
 
98 25 U=U+IlTE:XP(KUKSHOT) 
99 CALL SYMUOLCOY*U/N,0X.(LLNGTH(KU)-BOTTOM),IfJSYPB.90.-1) 
100 30 IF(KU.CQ.HU2)tJSYHB=4 
101 C 




10b 00 40 KUZ1251 
107 U=FIT(CElf*TCR-L) 
108 CALL PLOTC(DY*UDX*CL-BOTTOM), IPEf) 
109 NPEN=2 







.ets..$ THEOPY (AKIS' 
U 373.Jll$.,OVKSPACL*,I 1) .AXISIN 
I 
2 C 
SUJRJUTI'JE AXTSN (XX.YY,.iTIC.ALN4Td.TICAJGLE) 
3 C NAME... 
4 C AXIS. 
5 C 
b C PURPbE... 
7 C TO DRA4 ONE AXIS FOR A 2-DIMEISSIONAL GRAPH 
a C 
9 C USAGL... 
10 C 
















"UluER OF LI'E 
LEU.TH OF AXIS 
SrmE'V; 
(IPICItES) 
IrTtLEN TIC MARKS 









IARKS O CLOCKWISE SIOL 
fIARKS Ofl CnUNTLP-CLOCKISE SIDL 












31 CALL PLOTCtX+TX.Y+TY.3) 






J6 CALL PLOTC(X,Y,2J 
27 10 CALL PLOTCCXtTXY+TY,2) 







1US1373JIMHORKSPALEl( I) .'l. I 
1 SUN'JL (I IL NEYtS( APG,LJAI(G 
2 C 
3 C 1AAE... 





7 C TO CONVOLVE THE THEORETICAL Alln THE I'ITRUMEIJT PROFILES. 
a C 











C NARG I, 
ARGil) 
NUMBER 
IS THE FLFCTOM DENSITY 




17 C METHOD... 





FIND THE AMOUNT OF BROADENING NEEDED 
SPACE. TIIS IS ACURATr IF THE FINAL 
IN (SCALFHA),ALPHA) 





CLOSE TO THE OtIGIIJAL FSTIIATE USED HFRE. THE GAUSSIAN 
HERAITE nUADRATURC FOR'ULA USEP HERF IS EXACT FOR THE 
23 C INTLGRAL OF A GAUSSIAN INSTRUMFNJTAL PROFILE AND A FIFTH OROER 
24 C CURVE POP THE THEORETICAL ORFILE. 
25 C 




WE USE THE HOLT7 'AR, "OR"AL FIELD STRENGTH 
29 C FO=2.603*Z.*80O3iE-lO.fNE= (2/1) 
30 
31 C 
FO=1.2503E-9*(1.L 6.APG(I) )*'.6666666Af67 
WE USE THE CDr)I*ATE FOR THE 3 POI1T GAUSSIAN 
32 C HER4ITE OUAC IATIJRE FORIULA 
33 C DELTA=CIHn/FO) SORT(3/P*ALOGf2])) 
34 DELTA=I.47106R5*HHb/FO 
35 l=NS1 




ALPH2 IKS+) =ALPI'1 (KS) 
10 SALPrk.(KS+I)=.lb6S6bob* 






+VALUP I ALPtl, SALPHI, 'J I•ALPHI (KS) DELTA,0 ) J 











20 SF3Jfl. ,,NsAEsf).I..r 










7 C TO CALCULATE THE Pn rILE IN WAVELIGTH SPACE, VtNOWING 
8 C THL ELECTRON DEISITY ANU THE PROFILE IN 4i(ALPHA). ALPHA) 
9 C SPACE 
III C 








15 C ARG R.I APRAl OF NOIILIILAR ARGIJ'ENTS 
16 L ARN(t) IS ELECTRION DENSITY TIMES l.,L-16 
17 C NARG I. NUMBER OF NONLINEAR ARGUMENTS 
18 C 
19 INCLUDE DDANKLIST 
20 DIMEJSIOJ ARG(5) 
11 C WE USE THE HOLT?'APK NORMAL FIELD STRENGTH 
22 C FO=2.603*ZQ.AO3E-10*NE**(2/3) 


















33 90 PRINT 901.ARG(1)
 










***o** THEURY (tlEml) *.to 
I C 
2 C NAE... 
3 C NEAU 
4 C 
S C PURPrE... 
6 C TO SOLVE THE LINEAR PART OF THE LCAST SQUARE FIT. 
7 C 
a C USAGL... 
9 C 
10 C CALL NEWUARG.NARU) 
11 C 
12 C ARG RI ARRAY OF NONLINEAR ARGUI ENTS 
13 C NARG I,1 NUMUER OF NONLINEAR ARGUMENTS 
14 C 






SUM RiO SUM(1.3) IS THE LINE IMITESITY 





COVAR RiO COVAR(3,I)l COVAP(3,4). AND COVAR(4.4) ARE 
INSRTFD -OR LATER USF BY POOGRAM I-UNCT2' 
21 C 
22 SUBROUTINE NrwU(ARGU4,NARGUM) 
23 INCLUUE DBANK.LIST 





27 DO 15 I=INARGU 
25 DO 1 J=IIARGUI+1 
29 15 SU(I.J)tO. 
30 00 25 KU:NUINU2 




3b DO 25 KSHOT:1,N 
36 SUM(1.3)=SU (1,3)+INTEXp(KUt.KSIT) *T 
57 SUA(C,3)=SU(2,3)+INJTEXP(KU.KSHOT) 




SAVE ELEMENTS FOR CALCULATION OF VARIANCE­






45 C HAVE THIS SY.4ETHIC SYSTEM SOLVEO 
46 CALL SYMSLV(SUM,S'JM(INAHGUMI),sNARGU'4.0 S4 ) 
(47 RETURN 
48 40 PRINT 908 





STHEv ;Y (SG11).1 
tOS5TjJ I"*.ORtSPAE0 1) .SI.A 
I FUflCT1ONj SG'A(Ait4)2 c
 
3 C PURPOSE... 


















l0 00 20 .csniOr=i1f
 
17 20 S!OHA=SIr 









.lt.* THEvRY CSTYSLV) flee. 
2OhSI3jMN .OHKSPACES(U.S.4SLV
 
I SUIaJLUTIIZ SYmSLVfA,JNNN.ITrI) 
2 C 
3 C NAME... 
5 C SYAMETRIC LINEAR LOUATION SOLVEP 
6 C 







Il C PURPOSE... 
12 C 
13 C TO SOLVE A LINEAR SYSTEM AX=B WHEN THE MATRIX A IS 
1 C SYMMETRIC AND POSITIVE DEFINITE. TIlE ROUTINE CAN bE 





A NEIN PIGHT HA,1O SIDE 'AITHOuT fFCOPPOSIJG AGAIN. 
18 c CALLING SEQUENCE... 
19 C 
20 C CALL SYMSLV(AflN.NN.IT560) 
21 c 





A MATRIX OF COFFICIENTS. qINCE IT IS SYMMETRIC, 
ONLY ELENEJ4TS NFFDED ARE A(LJ). I.LE.ILE,JL.N 
25 C B ARRAY OF ELEEHTS FPRO RIGHT HAND SIDE 
26 C N DIM~t.SIOtN OF MATRIX AND B. 
27 C Nu MAXIMUM NtIHBER OF ROl.S TN A (FIPST DIMENSION) 
28 C IT SWITCII...XI= IF MATRIX A WAS DECOMPOSED 014A 
.9 C PREVIOUS CALL TO SYI1SLV, AID OINLY THE ARRAY B 
30 C IS DIFFERENT THIS TIME. IT.NE.1 IF A IS NLW. 
a1 C $60 CONTROL WILL BE PASSED TO THIS STATEMENT IF 
ja C A PIVOT ELEVENT IS FOUN) OF AqSOLUTE VALUE 
J3 C LESS THAN l.E-In. -­
3%4 C 
35 C ARGUMENTS ON RETURN: 





LOAER TRIANGLE O MATRIX L. (OIAGONAL ELEMLNTS OF L 
ARE I'S.) DIAGONAL ELEMEflTS HOLD MATRIX D. 
39 C B SOLUTIOA ARRAY X. 
40 C 
41 C METHO... 
42 C 
43 C SYMETPIC FACTORIZATIONi IS USED TO FIND A LOWER 
44 C TRIANGULAR MATRIX L AH') A DIAGONAL MATRIX D SUCH 
45 C THAT A=LDU, WHERE U IS L TRAfISOnSED. THE UNKNOWN 
46 C VECTOR IS CALCULATED BY BACK SOLVING THESE TRIANGULAR 
47 C SYSTEMS: UZ=B ' DY=Z * LX=y 
49 DIMENSION 8(5),A125) 
50 IF(N.GT.I)GO TO 10 
51 8(1)=b(1/A(1I 
52 RETURN4 
53 10 IFCIT.EO.1)GO TO 28 
54 DO 2b K=ll-1 
55 IF(ABS(A(K+N *K-NN)) .LT. I.E-IORETURN 6 
56 00 25 J=K+IN 












20 Ja20 A(~~ IINI C(J Nri !t?j) 5*t Af(l JI~ 
25 A25J*,.K-tItj ,¢ 
28 10 30 J2 1 rl 0 3Uu t~d-t 
30 8(J)VCJJ 
-A (J+fIkI.rNN) I.B1) 
30 40 J-1..N 
40 3tJ) = CJ /A iJlj.;M) 
O0 50 J;-.I,-j











a C FUNCTION VALIJEXYN,XBP) 
3 "C NAME... 







TO INTERPOLATE IN A TAMLE TO FINO INTENSITIES FROM 
a C THE THEORETICAL LINE PROFILE. 
9 C 
10 C CALLING SEOUENCE..& 
a1 C 
42 C CALL VALUE(WAVEIr.T.NWANT,P) 
13 C 
L4 C WAVE RAI ARRAY OF dAVFLENGTHS (nISPLACEMEtITS FROM 





INT RI ARRAY OF CORRESPONDING LINE INTEpSITIES 
N 11 IUtldER OF ENTRIES IN WAVF OR INT 





P RIO V.ORK ARRAY OF LENqTH 4. PCI) IS USED TO STOKE 
A POINTER BETWEE'i CALLS, SO EACH SEARCH OF 
91 C WAVE FEGINS 4HERE THE PkECEDING SEARCH ENDED. 
22 C 
23 C METHOD.. 
Z C aEYOuD THE END OF TIIE TABLE, A 9/2 P'VER LAW IS USED TO 
25 C EXTRAPOLATE. WITHIN THE TAPLE, AIT(EP'S PROCEuURE IS 
26 C APPLIED USIJO 4 put JTS. SINjCE AN EVEN NUMBER GE POINTS 
27 C IS USED, THE INTERPOLATING FUItCTIO IS CONTINUOUS. 
a c 
29 C 
30 DINENSION X(NIpY(q)lPI4) 
31 EOUIVALENCE(SAVEJJ) 
12 XBAR:ADSCXB) 
33 C IF ON FAR WING OF LINE, USE ASYITOTIC FORMULA 
34 
35 C 
IF(XdAR.GE.X(N))GO TO 90 




ENSURE 1 *LE. J .LE. N 
38 J-MAXO(NINO(J.N).I) 
39 C DECIDE %HETHER TO SEARCH UP OQ DOWN 
40 IF(XAR-X(JJ)10,80,20 
41 C SEARCH DOWN 
42 10 IF(J.LE.I)GO TO 50 
43 JSTART=J 
44 00 12 J=JSTART.2.-1 
45 IF(XAR-XJ-I))2,75,4O 
46 12 COtTIjUE 
47 J=l 
48 6O TO 50 
49 C SEARCH OP 
50 20 IFCJ.GE.N)GO TO 30 
51 JSTAHT=J+l 
52 00 22 J=JSTART.N,l 
53 tF(XBAR-XCJ))4,O80,22 
54 22 CONTINUE 
55 30 J:N-J 
56 0 TO 50 
125
 
****t THEORY (VALUE) t**40 
57 C SAVV TiIS 'OINTER 
w *0 S=SAEJ 
C SET J TO POIiT TO FIRST OF TIlE 4 POINTS 








THE GROUP OF STATEMENTS TO FOLLOW IS EQUIVALENT TO: 












00 60 L=2.1 
P(I') = (P(L-1)*(XtJ.1-1PXUAR)-P(I) * CX(J+L­2 )VXRAR)J/ 
- ((X(UI-I)-XlIARh.IX(J4L- -XBAR)) 
60 WITIIJUE 











- ({X(J+3-II-XPAR)-IJ+ -2)-X9AR)I 
P(3)=(P(3"1).(XCj#3-13-t I)*)-P(3)(X(J+3-2)-XRAR })/ 























XUAP APPEARS IN THE TABLE, SO WE USE THE 
CORPESPOunIPS TABLE EqTPY 
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